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Past spatial planning practices have left developing cities such as the City of Johannesburg with 
sprawling low-density areas of settlement that lack viable public transport systems. The majority 
of marginalized citizens in South Africa still live on the fringes of the cities, commuting daily, 
travelling long distances, often at considerable cost to access work and economic opportunities. 
However, the City of Johannesburg in the last decades has actively contributed towards 
improvement of urban mobility. This comprises all-inclusive transportation infrastructure chain 
instead of only focusing on one part of the journey, through facilitating spatial integration between 
diverse transport modalities. These was seen by innovations in implementing the transport 
infrastructure and services such as the newly built Bus Rapid Transit, Rail Rapid Transit, cycling 
lanes, and improved pedestrians’ walkways. Contrariwise, the question remains as to whether the 
innovations and investments in transport infrastructure and services are contributing towards 
spatial integration of transport infrastructure in the City of Johannesburg.  Considering this 
question, this study unveiled the extent of spatial integration of transport infrastructure within the 
City of Johannesburg and proposed a holistic urban transport planning and design framework 
within City of Johannesburg. The study adopted a mixed-method approach which consisted of a 
case study research design that involved an empirical enquiry using spatial and qualitative methods 
of data collection and analysis. The results reveal that transport infrastructures in Johannesburg 
are spatially not integrated which thus presents a knowledge gap of how to interface commuters to 
areas of economic activities. There is limited to no sharing of infrastructure and services between 
commuting, cycling and walking in the in the city. In most transit stations, there is no adequate 
cycling and walking infrastructure, and transit stations are not easily accessible for non-motorised 
transport. It was further revealed that Park Station is the most integrated space, serviced by both 
non-motorised and urban public transport infrastructure and services. Commuters at Park station 
navigate easily from the station due to the short walking distance and switch smoothly from one 
mode of transport to another at a short walking distance. A holistic urban mobility planning and 
designs framework that promotes integrated multiplicity in travel opportunities and achieve smart 
mobility is proposed in the study as a solution to the transport problem.   
Keywords: spatial integration, transport infrastructure, Mobility, transport planning and design, 
City of Johannesburg.   
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SETTING THE SCENE: INTRODUCTION AND CONTEXT 
1.1.  INTRODUCTION  
Contemporary urban public transportation is perceived as a vibrant infrastructure with long-lasting 
impetus on the morphology and dynamics of urban expansion and on sustainable and resilient 
urbanisation. This endorses integrating and improving walking, cycling and commuting 
infrastructure as a desirable method for enhancing the use of multi-mobility. Furthermore, 
contemporary transportation promotes transit ridership; lessens the negative impacts of automobile 
dependence, improves quality of life, enhances social inclusion, and provides a more 
environmentally friendly and healthier activity pattern (Moyo & Musakwa, 2016). Such urban 
mobility infrastructure planning is geared towards achieving the principle of spatial integration, 
efficiency, accessibility, liveability, safety, reliability, viability, environmentally friendly and cost-
effective transportation systems. These principles are used as gauges to monitor the sustainability, 
functionality and smartness of public transportation infrastructures (Mbatha & Gumbo, 2019). 
Consistent with these principles, there is need for bringing together the role players in transport 
planning and interdependent disciplines to facilitate economic transformation.  All non-motorised 
and innovative motorised urban public transport infrastructure ingenuities should build 
stakeholders’ consensus for an integrated multiplicity of transport networks that is efficient and 
affordable. This encompasses interdependent factors which when coordinated, lead to inevitable 
best practices and to socio-economic transformation. 
This study focuses on the extent of spatial integration of transport infrastructure and develops a 
holistic urban transport planning and designs framework within the City of Johannesburg. It 
explores the spatial and mobility innovations envisioned for the City. The Gauteng province and 
City’s specific policy interventions on public transport infrastructure in possible future transport 
systems are also unpacked.  This study also presents key findings, given the City of Johannesburg’s 
urban public transport infrastructures spatial patterns and the role of these systems on urban 
mobility and spatial integration. In addition, it visualises the spatial patterns of non-motorised 
transport and unpacks the extent of spatial integration of non-motorised transport and urban public 
transport infrastructure within the City of Johannesburg. In short, the study advocates a holistic 
2 
 
mobility transport Planning and Designs approach for transport systems anchored through 
participatory planning processes. 
Consequently, this chapter focuses on the background of the study. The problem statement to be 
investigated, and research questions that need to be answered are also outlined within this chapter. 
Related to the problem statement are the aim and objectives to be achieved which are clearly 
developed and spelt out. The location of the study area is presented, particularly the position of the 
City of Johannesburg within the country itself. In addition, the rationale and significance of the 
study are briefly presented. Lastly, the structure of the dissertation and a chapter outline are 
described.  
1.2.  RESEARCH CONTEXT: BACKGROUND  
Over the last few decades, urban areas in both developed and developing nations have become 
increasingly automobile-dominated and less sustainable.  In developed countries, cities mainly in 
Northern Europe have witnessed a trend of reclaiming urban space from the automobile and 
prohibiting cars from major parts of urban areas and/or confining them in other ways (Cantillo & 
Ortúzar, 2014; Chowdhury & Ceder, 2016; Risimati & Gumbo, 2018a). Today, Northern European 
cities are considered as principal examples of sustainable urban development. Cities all over the 
world are striving to meet urban sustainability standards by improving public transport and 
creating pedestrian zones, encouraging non-motorised modes. They are limiting the use of private 
cars and trying to correct the transformation of cities caused by automobile dominance (Bibri & 
Krogstie, 2017; Andersen & Landex, 2018). Automobile restraints that were unthinkable just a 
few decades ago are now being adopted in many cities around the world, with the encouragement 
and support of major international organisations. 
In the global south such as the Republic of South Africa, cities have experienced a rapid growth 
in transport-related challenges including public transport decline, congestion, accidents, pollution, 
environment degradation, energy depletion, climate change, lack of accessibility for the urban 
poor, and visual intrusion (Chakwizira et al., 2011; Shoman, 2019; Gumbo & Moyo, 2020). The 
increase in population and economic activities in cities has led to increased trips (Moyo et al., 
2019). Poor proper spatial planning in terms of land use distribution have resulted in long travel 
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times as well. With the increase in the economic status within the cities coupled with the lack of 
alternative transportation modes, private automobile ownership and trips continuously increase. 
The increase in private automobile use, accompanied by a low occupancy rate, has led to an 
increase in congestion on the roads without the proper transportation infrastructures (Gordon & 
Richardson, 1994; Louf & Barthelemy, 2014). This in turn has resulted in increased traffic accident 
rates, air and noise pollution (Retallack & Ostendorf, 2019; Zheng et al., 2020). The increase in 
air pollutants such as carbon dioxide and ozone which are by products of the combustion of fossil 
fuels leads to an increase in global warming. 
However, the provision of public transport modes has reduced the level of congestion on the roads 
as these have a higher occupancy rate compared to the private automobile. In most settings, public 
transport systems do not provide a door-to-door service compared with private vehicles (Furuhata 
et al., 2013; Walters, 2013). Thus, commuters need to access these public transport systems 
through bus stops or train stations. Access time is therefore an important part in the provision of 
public transport systems. An increase in access and egress times to and from public stops or station 
causes a reduction in the patronage of the systems. Consequently, for the public transport to 
compete with the use of private vehicles, the access time needs to be reduced as much as possible 
(Chakwizira et al., 2011). Even though this may not be evident in developing countries, the 
reduction in access times may lead to a better quality of life for the poor and increase catchment 
coverage.  
Walking as a mode of transport has been the main mode of transport to bus/train stops and stations. 
However, because of the low travel speed of walking, it is time consuming and thus the potential 
for people to walk to public transport stops or station diminishes over a short distance (Selala & 
Musakwa, 2016). On the other hand, bicycles are a much faster mode of transport than walking 
(Gumbo & Moyo, 2020). Thus, because of its relative fastness, the distances which people are 
willing to travel become longer, which increases the catchment areas of the public transport 
systems. However, without the provision of a proper cycling infrastructure, this is not realised. 
People become much more willing to use public transport when these infrastructures are in place. 
Thus, for efficient public transportation to help curb the use of private automobiles, reduce 
congestion on the road and increasing quality of life, there is need for non-motorised 
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infrastructures to be in place. This infrastructure must be provided at public transport stops and 
stations and on access routes to these public transport systems.  
1.3.  RATIONALE OF THE STUDY 
The need for efficient, sustainable and integration non-motorised transport and urban public 
transport can never be emphasised adequately in both theory and practice. Several countries and 
urban centres in developed, transitional and developing countries have been making efforts to 
improve their transport systems, albeit with varying outcomes. Similarly, South Africa and 
particularly, metropolitan cities such as the City of Johannesburg, the City of Cape Town, and the 
City of Tshwane have been investing massive Non-Motorised Transport and innovative urban 
public transport infrastructure since the new millennium (Gumbo & Moyo, 2020; Mbatha & 
Gumbo, 2019). The operation and management of well-integrated, efficient, affordable and 
reliable modern public transport systems in South African cities are critical in ensuring smart cities 
and mobility within them.  
City of Johannesburg have been implementing and extending the rail, road and non-motorised 
systems for over the past recent decades, thus transforming the urban public transport systems. 
This study acknowledges these innovations in the city particularly the Gautrain, Gaubus, Rea Vaya 
and cycling, there is need to unpack the state of spatial integration of these infrastructure 
innovations with the traditional urban public transport infrastructure (Metrobus and Metrorail) and 
provide efforts on how working relationships could be improved going forward as the projects are 
rolled out further to reach all sections of the Johannesburg community.  
1.4.  RESEARCH PROBLEM STATEMENT  
The City of Johannesburg has actively contributed towards the improvement of integrated public 
transport infrastructure. Improvements comprise all-inclusive transportation chains instead of only 
providing for one part of the journey, by facilitating spatial integration between diverse transport 
modalities (for instance walking, cycling and commuting) to allow for multiple travel 
opportunities. These innovations include implementing and extending the rail, road and non-
motorised infrastructures, thus transforming the urban mobility within the city. They embrace 
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newly built cycling lanes; improved pedestrians’ walkways and Gautrain, the fast-innovative train 
system which connects the outermost regions of the city as well as the broader Gauteng region. In 
support of the Gautrain, the City of Johannesburg has also invested in the Rea Vaya, a Bus Rapid 
Transport system which connects the Johannesburg CBD to major regional, district and local 
nodes. It creates connectivity between the historic township localities and the primary economic 
nodes of the city. It is evident that the City of Johannesburg has made a priority of improving 
walking, cycling and commuting through mega investments in innovative infrastructures (Selala 
& Musakwa, 2016; Musakwa & Gumbo, 2017). 
However, the question remains as to whether the innovations and investments in non-motorised 
and urban public transport infrastructure are contributing towards spatial integration of the City of 
Johannesburg. There remain large gaps in these innovations as their coverage, patterns, networks 
and their market bases are generally dispersed. Currently, there is a dearth of literature on how 
innovative non-motorised transport and urban public transport infrastructure are integrated in 
developing cities such as Johannesburg’s to ease the movement of residents. Thus, there seems to 
be a knowledge gap in how to facilitate urban developments through rigorous research. This has 
been evident through the planners’ disregard of literature that can guide transport investments 
towards spatial integration. 
1.4.1. Main Research Question 
The implementation of transport infrastructure and services is in pursuance to creating better 
efficient, more convenient and more attractive areas for increasing the quality of travel within the 
City of Johannesburg. Conversely, the main question that comes to the fore is:  
 What is the extent of spatial integration of transport infrastructure and services in the City 
of Johannesburg? 
1.4.1.1.  Sub-questions  
To answer the research main question, four sub-questions were identified as follows: 




 How is the spatial patterns and networks integration of urban public transport infrastructure 
and services? 
 Is it possible to visualise the extent of spatial integration between non-motorised transport 
and urban public transport infrastructures? 
 Is there any possibility of developing a holistic mobility transport planning and design 
framework? 
1.4.2. Aim of the Study  
The aim of this study was to unveil the extent of spatial integration of transport infrastructure and 
services to develop a holistic urban transport planning and design framework within City of 
Johannesburg. 
1.4.2.1.  Objectives of the study 
In a way to achieve the aim of the study, the following specific objectives were identified: 
 To trace the spatial vision and mobility innovations envisioned for the City of 
Johannesburg.   
 To unpack the spatial patterns and networks integration of urban public transport 
infrastructure. 
 To analyse the extent of spatial integration between non-motorised transport and urban 
public transport infrastructures. 
 To develop a holistic mobility transport planning and design framework. 
1.5.  SCOPE OF THE STUDY 
The scope of the study was concerned with unveiling clearly the extent of work covered and of the 
content explored in the research project. This was necessary at the early stages of the study to 
operationalise it successfully. The spatial, conceptual and temporal extent of the study was 
determined, and the theoretical and exploratory research design that involves an empirical data 
collection strategy were adopted accordingly. This enabled a more logical investigation, results, 
conclusions and recommendations with clear and satisfactory study outcomes.  
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1.5.1. Spatial Scope  
The City of Johannesburg is positioned centrally within the Gauteng Province. It is optimally 
located to access not only bordering metropolitan and local authorities (i.e., City of Tshwane to 
the north, Ekurhuleni to the east, Sedibeng District to the south and West Rand District to the 
west), It is also well located to access provinces such as the North West (to the west), Limpopo (to 
the north), Mpumalanga (to the east) and the Free State (to the south). The city functions as the 
economic heartland of South Africa and is home to the Johannesburg Stock Exchange, corporate 
headquarters, large and expensive industries and national nodes such as Sandton. The city is 
characterised by a multi-functional economy which incorporates primary office and retail nodes 
such as Sandton, Rosebank, the Johannesburg CBD, Waterfall and Fourways. It includes diverse 
industrial townships such as Wynburg,  City Deep and Midrand The Gauteng Spatial Development 
Framework identifies the Johannesburg CBD as a major metropolitan node within the context of 
the province and which is supported by regional nodes such as Sandton, Soweto, Randburg and 
Midrand. The provincial and local spatial approach seeks to create a system of nodes (emanating 
from a strong central core-CBD) supported by corridors and a vast public transport backbone to 
enable connectivity and movement and to direct densification efforts and support township 
regeneration.  
The city has an extensive public transport network which includes primary bus and rail routes. The 
Bus Rapid Transport Network of the city connects the CBD to major regional, district and local 
nodes and creates connectivity between the historic township localities such as Soweto, and 
Alexandra and the primary economic nodes of the city. The BRT system is support by a vast 
railway network and Gautrain system which connects the city’s outermost regions to the metro as 
well as the broader Gauteng region. Residential development consists of varied typologies. Many 
nodes such as the inner city, Sandton, Rosebank, Braamfontein and Randburg have medium to 
high-density apartments, whilst established suburbs to the north and south of the CBD such as 
Sandhurst, Saxonwold, the northern and southern suburbs are primarily low-density single stand 
neighbourhoods with intermittent higher density developments. Historic township areas such as 
Soweto have seen major investment and growth in recent years, whilst areas such as Orange Farm 
are far removed from major economic nodes. The growth of the households is primarily located 
on the outskirts of the city’s urban fabric (largely a result of new residential development in the 
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northern and north-western region of the city). Densification is occurring throughout the 
established suburbs of the city, and largely concentrates towards the capital core, surrounding 
suburbs and Sandton and Rosebank.     
The city consists of an extensive urban region with the outermost northern, southern and western 
areas remaining rural or agricultural in nature. The rural nature of the southern areas of the city 
extends to the rural areas of the Sedibeng district to the south to create a farming hinterland for the 
province. Figure 1 provides a spatial perspective of the City of Johannesburg divided into 7 
Regions including: Region A: Midrand (The North); Region B: Randburg; Region C: Roodepoort; 
Region D: Soweto; Region E: Alexandra; Region F: Johannesburg CBD & South; and Region G: 
Orange Farm.       
 
Figure 1: City of Johannesburg Map [Source: Research Findings, 2020] 
Within the City of Johannesburg transport system, the study mainly focused on Non-Motorised 
Transport (NMT) infrastructures and services (walking and cycling) and the urban public transport 
infrastructure, which are the Gautrain, Rea Vaya, Metrorail and Metrobus. These are key means 
of achieving efficient, convenient, reliable, safe, affordable and attractive urban public 
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transportation and allow for a multiplicity in travel opportunities. The Gautrain operates within 
the Gauteng metropolitan region which includes the City of Johannesburg, City of Tshwane and 
Ekurhuleni Metropolitan region in the East Rand. The Rea Vaya operates under the jurisdiction of 
the City of Johannesburg. The Johannesburg Metrobus has divided its city’s coverage into 
concentric zones (CoJ, 2016), radiating out from the CBD. The Greater part of the Metrobus routes 
begin from the inner-city transport terminals in Zone one, with longer trips crossing various zones. 
Metrorail serves central Johannesburg, Roodepoort, Soweto and Orange Farm; currently the 
service is blighted by poor quality, safety concerns, poor reliability, uncompetitive journey time 
and a general lack of integration with other modes of transport.  The three metros, as outlined, 
form the region which is the economic hub of the Republic of South Africa and are the only cities 
in the entire African continent which have a rapid transit train. These two modes of urban public 
transport began operating during the 2010 FIFA World Cup hosted by South Africa. They operate 
along mixed land use as well as major economic, institutional and social nodes such as 
Johannesburg Park Station, OR Tambo International Airport, FNB Stadium, Emirates Airline Park 
Stadium and Sandton. 
1.5.2. Conceptual Scope  
The study focused on unveiling the extent of spatial integration of transport infrastructure and 
proposed a holistic transport planning and designs framework for transport infrastructure and 
services to allow for a multi-modal travel opportunities and achieve efficient, convenient, reliable, 
safe, affordable as well as attractive urban public transportation within the City of Johannesburg. 
The study took cognizance of the key concepts of international strategies applied to transport 
infrastructure investment and innovative approaches to transport planning and development. The 
existing knowledge shows that transport investments have evolved from a traditional approach that 
champion an automobile growth paradigm (Ross et al., 2008; Vulevic, 2016). However, recent 
developments have since incorporated innovative strategies for improved urban mobility for an 
integrated spatial form that facilitates access to economic opportunities and urban amenities. The 
main concepts of innovative urban public transport infrastructure, urban mobility and integration 
through urban transport systems set the focus of the study.   
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1.5.3. Temporal Scope  
This study was consistent with the period in which the implementation of innovative transport 
infrastructure and services such as represented by Gautrain, Rea Vaya, cycling infrastructure and 
improved pedestrian walkways were concluded within the City of Johannesburg. Key informant 
interviews with officials from the City of Johannesburg Municipality, Johannesburg Roads 
Agency, Gauteng Department of Roads and Transport, Gautrain Management Agency, PRASA, 
and Johannesburg Metropolitan Bus Service were conducted between March 2020 to July 2020.  
Community social mapping with cyclists, pedestrians and urban public transport were done before 
the South African National Lockdown due to the Covid 19 (Corona Virus) outbreak in February 
and early March 2020.  The crowd-sourced datasets derived from the geolocation based mobile 
application Strava Metro collected for the study to visualise cycling patterns, trends and 
distribution was for the year 2019; and the spatial and qualitative analysis were triangulated to 
yield viable results. 
1.6.  SIGNIFICANCE OF THE STUDY   
The study unveiled the extent of spatial integration resulting from non-motorised transport and 
innovative urban public transport infrastructures and services; and the role of such transport 
infrastructure in transforming socio-economic situations of the City of Johannesburg’s residents. 
A model highlighting the current state of walking, cycling and commuting infrastructures was 
produced to inform the City and Provincial government of what has been achieved so far and what 
needs to be what needs to be improved in the urban public transport systems. The use of technology 
such as apps which provided real time information on trip planning, modal switching and choices 
through the study was the ultimate innovation that will have great benefit for the city and the 
residents at large. It was determined in the study that such Apps can provide a one-stop public 
transport platform that has all the information which commuters need to enjoy mobility within the 
city and improve their quality of life through making informed decisions.  
The precise findings and innovative recommendations which emerged in the study will be applied 
to plan, implement, monitor and evaluate the performance of non-motorised transport and innovate 
urban public transport infrastructures not only in the City of Johannesburg. They will also be 
applied in other emerging metropolitan cities in South Africa where integration has either not been 
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thought about at all or has not yet been achieved, though it is considered essential, especially 
considering the competitive nature of this modern twenty first century. Risimati & Gumbo (2018b) 
argues that non-motorised and motorised urban public transport infrastructures have a critical role 
to play in spatial integration and socio-economic development. Thus, non-motorised and 
innovative urban public transport infrastructure is of paramount importance for South Africa, given 
the prevailing socio-economic disparities inherited from the apartheid era. 
1.7.  STRUCTURE OF THE DISSERTATION 
 The dissertation is comprised mainly of nine (9) chapters and these will consist of the following: 
 
Figure 2: Dissertation layout [Source: Research Findings, 2020] 
1.8.  CHAPTER CONCLUSION   
This chapter focused on the background of the study; the problem statement to be investigated. 
The research questions that need to be answered were also outlined within this chapter. Related to 
the problem statement are the aims and objectives to be achieved which were clearly developed 
and spelt out. The chapter outlined the scope (conceptual, temporal and spatial scope) of the study 
consistent with the discussions of chapters in this dissertation. It further reviewed the significance 
of the study. This chapter concluded by provided a chapter outline of the dissertation. 
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CONCEPTUAL FRAMEWORK AND CASE STUDIES 
2.1.  INTRODUCTION 
Mobility in urban contexts is continuously adapting and transforming to everyday challenges, as 
can be perceived with the global shift towards smart city planning. This shift towards encouraging 
communities to utilising multi-mobility modes in their everyday commuting has led to a lessening 
in the negative impacts of private-car-dependence (De Freitas Miranda & Rodrigues da Silva, 
2012).  This chapter provides a relevant background to literature concerning smart mobility and 
integrated urban public transport systems. The chapter begins with a comprehensive discussion of 
the smart mobility concept, the theoretical framework of the study. It continues with detailed 
definitions of transport infrastructure, provides an overview of transport planning and designs, and 
highlights spatial integrated of transport systems. It then synthesises transport infrastructure 
integration and systems for the developed world, transitional market countries and the developing 
world. Focus is placed on case studies such as Amsterdam, China and Addis Ababa. In addition, 
the chapter provides a synthesis of transport infrastructure planning and development in South 
Africa through looking at Commuter rail in South Africa, the Gauteng High Speed Rail Service, 
Bus Rapid Transit Systems and Commuter Taxi industry. 
2.2.  THEORETICAL FRAMEWORK: SMART MOBILITY CONCEPT  
Sustainable management of urban areas is becoming one of the most important challenges of the 
21st century, and the concept of “Smart City” is proposed as a possible solution. Smart City 
includes different aspects of city management: building, energy, environment, government, living, 
education and mobility. Perboli et al. (2014) stated that the concept proposes a holistic vision of 
future communities, where unique intelligent technological tools, services and applications are 
integrated into a platform which provides interoperability and coordination between these several 
sectors. This vision can be realised today through using innovative operational and information 
technology and leveraging reliable real-time data generated by citizens and the city infrastructure. 
There are several perspectives offered, for example, a smart city can ultimately entail a network 
of infrastructures which facilitate the political, economic, cultural and sociological factors leading 
to city growth (Hollands, 2008). These have been perceived as a solution to problems emerging 
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from rapid urbanisation and a way to achieve sustainable development (Datta, 2015). Further, it is 
interesting to note how the emergence of Information and Communication Technologies (ICTs) 
have become the cornerstone of the smart city discourse. Contemporary developments based on 
ICT therefore highlight the importance of the mobility, ecological, socio-economic and 
competitive performance of cities (Kourtit & Nijkamp, 2012).     
Similarly, Smart Mobility is a broad concept which facilitates sustainable development by 
optimising transport services, considering technological, societal, economic and environment 
challenges. Smart mobility could be seen as a set of coordinated actions addressing the efficiency, 
effectiveness and the environmental sustainability of cities. It consists of a hypothetically infinite 
number of initiatives, often (but not always) characterised by the use of ICT. The purpose is to 
enable the mobility of individuals and goods within a city, which in turn will generate six benefits, 
namely: traffic reduction, reduction in travel time, reduction in travel costs, reduction in pollution, 
reduction in noise pollution and increased safety during travel (Benevolo et al., 2016).  The main 
aspect of smart mobility is connectivity; thanks to connectivity and big and open data, users can 
transmit all the traffic information in real-time, and public administrators can simultaneously 
conduct dynamic management. Data related to mobility may change constantly (for example data 
on available parking spaces, traffic conditions, accidents, train or bus delays), and may be 
communicated immediately to the mobile app users, to ensure a smart, easy, and smooth trip (Badii 
et al., 2019). The introduction of new transport systems and services, on the one hand, leads to an 
evolution in the demand for transportation, while it is also able to change user’s behaviour. For 
this reason, it is important to develop advanced tools for investigating the characteristics of 
mobility demand. At the same time, it is necessary to optimally utilize the available big data (social 
network profiles, apps, etc.) to better understand or shape influential behavioural lines on the use 
of transport networks. 
2.2.1. Mobility 
The Oxford English Dictionary (2018) defines mobility as “the ability to move or be moved freely 
and easily.” In everyday terms within the urban living environment, mobility means trains and 
buses carrying people to and from work and school; trucks delivering goods and carrying away 
garbage; cyclists zipping through traffic; people hailing taxis or booking an Uber at the touch of a 
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digitized screen; and pedestrians walking down city blocks. Mobility is a critical element to a 
productive and efficient economy. It facilitates the movement of goods and it is synonymous with 
urban living for people to go about their everyday activities. What is defined as “successful” urban 
mobility then? Most will agree the criteria include safety, reliability, affordability, flexibility, and 
cleanliness (Susilo and Cats, 2014). Urban public transport as a catalyst for urban development in 
the era of smart mobility is well recognised (Banister, 2005). Typically, smart mobility describes 
movement patterns or city transport networks which utilise active travel modes; information and 
technology; energy efficient renewable forms of energy; or shared vehicles wherever possible, 
resulting in low carbon output per passenger journey (Banister, 2005). Integrated, multimodal-
networked public systems have emerged as such a smart mobility paradigm. They use transfer 
potential to provide a maximal service for a reasonable and efficient operating budget and a 
genuinely feasible alternative to automobile travel within urban areas (Goodwin et al., 1991).  
Mobility is the essence of modern life in urban areas, nevertheless, it creates serious social, 
economic, and environmental problems. For example, because of growing car ownership, public 
transport services are facing tough competition from private automobiles (Letaifa, 2015). The 
continuous increase in the number of vehicles on the road network poses further threats to traffic 
movements. This is evidenced by traffic congestion, slower flow, more accidents, and waste of 
time, money and efforts (Rodrigue, 2020). Severe traffic conditions reflect on the efficiency of 
public transport systems which causes people to become dissatisfied with these inconveniences. 
The reasonable solution to these acute traffic problems lies in developing efficient transport 
systems which can provide an attractive and convenient alternative to the private car. Such services 
are badly needed by the most vulnerable groups of the communities including the poor, the old, 
children, and the handicapped.   The absence of effective urban public transport could worsen the 
quality of urban life for unprivileged groups. For instance, “experience in the South African 
perspective has shown that, in the absence of sound transport systems, the situation can arise where 
the urban poor are isolated in town centre ‘ghettos’ without access to employment and with 
deteriorating education, and social opportunities” (Letaifa, 2015:11). 
The quality of a public transport system is among other items controlled by efficiency, flexibility, 
high mobility, regularity and reliability (Rodrigue, 2020). Thus, public transportation should 
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satisfy the requirements for access to centres of activity and population. This means that it must 
access key points of interest such as commercial, residential and recreational areas in the city. 
Modern Southern African society’s mobility needs are focused on future urban growth and survival 
rather than luxury. Consequently, planners, officials, and community developers have given 
considerable attention to public transport and mass transit schemes (Gu et al., 2019). However, the 
unfulfilled public expectations of mass transport have triggered questions about the logic of present 
public transport arrangements, and the need to look for more effective alternatives. Appraisal of 
mass transit programs in many cities around the world has convinced planners of the need for a 
fundamental restructuring and reform of public activities in urban areas. 
2.2.2. Mobility as a Service (MaaS) 
Mobility as a Service (MaaS) is a recent innovative transport concept, which it is anticipated will 
induce significant changes in the current transport practices. It is a mobility distribution model, 
building different transport options, in which a customer’s major transportation needs are met 
through a single digital interface offered by dedicated service providers (Matyas & Kamargianni, 
2019). The innovative Mobility as a Service (MaaS) concept combines different transport modes 
to offer a tailored mobility package, similar to a monthly mobile phone contract. It includes other 
complementary services, such as trip planning, reservation, and payments, through a single 
interface (Hietanen, 2014). This bundling of mobility modes presents a shift away from the 
existing ownership-based transport systems toward an access-based one. It offers users a tailored 
convenient mobility solution, with a promising perspective to substitute the use of private cars.  
This interpretation encompasses some of the core characteristics of MaaS: customer’s need-based, 
service bundling, cooperativity and interconnectivity in transport modes and service providers. It 
can be thought of as a concept (a new idea for conceiving mobility), a phenomenon (occurring 
with the emergence of new behaviours and technologies) or as a new transport solution (which 
merges the different available transport modes and mobility services). If realised successfully, the 
concept has the potential to tackle car ownership by providing its customers with mobility 
solutions of a level of service that tends to be competitive with that provided by private cars, 




2.2.2.1.  Mobility-as-A-Service (MaaS): A new mobility paradigm 
Population growth and aging, urbanization, and technological disruption represent a set of 
converging, mutually reinforcing megatrends that will, along with other global trends, drastically 
influence the future mobility landscape. Rising megacities, established metropolises, sprawling 
metropolitan areas, and mature urban centres will all experience different changes in their transport 
offerings such as private car ownership, public transit patronage, active transport usage (i.e., biking 
and walking), and new mobility service adoption (Bouton et al., 2015, Aapaoja et al., 2017). Within 
each archetype, government policies and regulations, emerging technologies, evolving consumer 
preferences, and innovative business models will influence how different mobility states play out 
(Bouton et al., 2015). MaaS models aim to “bridge the gap between public and private transport 
operators on a city, intercity and national level” by integrating “currently fragmented tools and 
services a traveller needs to conduct a trip” (Kamargianni & Matyas, 2017). They offer users a 
centralized, digital platform to register, plan, book, e-ticket, and pay for an entire chain of public 
and private, multimodal service offerings (Kamargianni et al., 2015, Goodall et al., 2017). MaaS 
platforms optimize the network for operators by calibrating supply and demand and deliver real 
benefits to travellers in the form of improved travel choice, time savings, cost reductions, and 
better service experiences (Smud et al., 2017).  
However, travellers are not the only ones to benefit from the adoption of MaaS. Policymakers, 
data providers, and transport operators all stand to benefit greatly from transport improvements, 
expanded service coverage, and more efficient network operation. Governments and policymakers 
are particularly well positioned to benefit from a system that ultimately cannot function without 
significant public sector involvement. MaaS will allow governments to gain valuable insights into 
the central nervous system of their cities through anonymized end-to-end trip data, as opposed to 
current data sets which are incomplete, and to a degree linear (point-to-point). The appeal of 
combining existing mass-transit schemes with a growing variety of private services is obvious. It 
potentially reduces the physical infrastructure task for governments and offers a new way to attract 
private capital into “public” transport. By enabling a closer link between supply and demand, 
MaaS platforms promise to increase the utilization and efficiency of mass transport (Guidon et al., 
2020). This could lower congestion at peak hours as travelers are diverted from crowded routes to 
less-packed ones using dynamic, congestion pricing schemes. Moreover, MaaS mobile apps could 
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be used to help governments achieve public health objectives as well. By tweaking various options 
in the platform, these apps could help encourage healthier choices, such as walking or cycling; 
potentially giving rise to greater personalization of healthcare and/or life insurance policies. 
Emissions of pollutants in urban areas are also expected to fall with MaaS as fewer vehicles hit 
the streets (Pangbourne et al., 2018).  
2.2.2.2.  MaaS systems challenges 
Although all these benefits seem idyllic, MaaS platforms come with their own challenges (Li and 
Voege, 2017, Merkert et al., 2020, Karlsson et al., 2020, Schikofsky et al., 2020). In designing 
MaaS systems, policymakers often face an ongoing dilemma around regulatory oversight and/or 
intervention where onerous regulatory frameworks will stifle private sector participation and 
limited regulation may inadequately protect the public interest. This is particularly problematic 
with data because MaaS platforms rely on ubiquitous IoT devices which are seamlessly connected 
through a range of different stakeholders, including telecommunication retailers, data centres, 
governments, and private infrastructure providers. In 2016, there were 5 billion devices connected 
to the internet. By 2020, this number is expected to be 25–30 billion (Nordrum, 2016). The 
terabytes of data captured from these devices each day are key to unlocking unrealized efficiencies 
currently entrenched within existing transportation networks. However, sanitizing personal 
information that will be shared across multiple stakeholders complicates system viability. Too 
little information will make a MaaS platform inefficient while too much information could 
potentially compromise the privacy of its users. Although the rising prominence of blockchain (or 
distributed ledger technology) may help mitigate some of these information sharing issues, the 
resilience and security of MaaS systems remains a monumental challenge to the ultimate feasibility 
of wide-spread adoption. 
2.2.3. Transit Oriented Development  
A shift from mobility-centred to accessibility-centred transport and land use planning has been 
advocated over decades (Cervero, 1997; Levine and Garb, 2002; Bertolini and le Clercq, 2003; 
Curtis and Scheurer, 2010; Martens, 2016; Papa & Bertolini, 2015). This shift starts from the idea 
that the demand for transportation is largely derived from people’s need to reach their destination, 
rather than for the sake of movement per se. Thus, enhancing accessibility to desired destinations 
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is what really counts for the users of that transport system (Páez et al., 2012). One of the most 
popular accessibility-centred planning approaches is Transit Oriented Development (TOD) (Curtis 
and Scheurer, 2010; Handy, 2002; Papa and Bertolini, 2015). This can enhance accessibility 
through strengthening the integration between transport and land-use systems by means of 
relatively high density, mixed-use, cycling and pedestrian-friendly development around transit 
stations and networks (Benevolo et al., 2016). 
The Concept of Transit-Oriented Development raises population density and boosts the 
development of mixed land-use around public transit station catchment or buffer areas has been 
highly recommended and implemented worldwide to increase the efficiency of transit systems and 
reduce the vehicular traffic congestion (Tamakloe & Hong, 2020; Nasri & Zhang, 2014). TOD 
characteristics are positively related to accessibility at the catchment level. Here, the transport 
feature of the TOD system is highly related to accessibility, while for transit-oriented land-use 
patterns the associations are much smaller. This suggests that in order to improve accessibility of 
an area, transport-enhancing policy should be considered as the first option. If the transport system 
is kept unchanged, land-use policy relating improved urban density, diversity and pedestrian-
friendly development is recognised as an effective tool to enhance accessibility of the area. 
2.2.3.1. TOD Planning Methods 
TOD planning methods were first proposed by Calthorpe in the late 1980s and have since gained 
attention among city planners in the America, Europe and Asian cities who are focused on tackling 
urban problems owing to the sprawling urban settlement patterns.  The Concept entails the 
development of compact mixed-land use development near transit facilities to promote sustainable 
transport to urban dwellers in cities by providing them with improved access to transportation, 
which reduces the negative impacts of private cars. Currently, to improve the effectiveness of 
TOD, studies have expanded the scope of TOD to include shared bicycles. Based on research 
findings, this approach is a good alternative as it overcomes the criticisms of the conventional 
TOD by expanding its buffer area and increasing transit ridership (Lee et al., 2016). Various 
attempts have been made to enhance transit performance; nevertheless, researchers have paid less 
attention to studying the performance and determinants of TOD efficiency at transit buffers areas. 
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Those that have attempted such studies failed to employ more comprehensive data that best relates 
to the modern TOD environments in urban cities. 
To estimate the performance of TOD at stations, researchers have employed the traditional Data 
Envelopment Analysis (DEA) technique. Using a set of output and input variables, the DEA 
technique has been widely employed by researchers for performance evaluation since its 
introduction. It is generally useful for measuring the efficiency of decision-making units (DMU's) 
like seaports, bus operators, seaports, and airports. Also, researchers that are interested in finding 
the influence of environmental variables on a DMU's performance often regress the efficiency 
estimates predicted by DEA on environmental variables using Tobit regression. Empirically, a 
study conducted by Simar and Wilson (2007) found this method to be inaccurate and leads to 
erroneous estimation results and conclusions. A critical limitation of the conventional DEA 
technique compared to other frontier approaches is that its efficiency estimates cannot be 
statistically authenticated since statistical distributional properties are not considered in the DEA 
approach (Gil Ropero et al., 2019). To deal with this issue, a more appropriate approach that 
improves the reliability of efficiency estimates through bootstrapping has been introduced. 
Analysing the performance of public transport systems using appropriate research methods and 
data that accurately characterizes TOD in urban cities can help policymakers make more realistic 
and targeted decisions. Given this background, this study aims to employ a robust procedure to 
assess TOD efficiency as well as its determinants in the case of Seoul using a more realistic study 
framework. To ensure transportation sustainability, transport managers need to ensure that the 
strategies employed to increase transport ridership are yielding good results. Hence, assessing 
TOD performance is imperative. 
2.2.3.2.  Studies on Transit-Oriented Development: a globalized perspective 
There is an increased worldwide consensus that TOD is one of the essential spatial planning 
instruments that can potentially be harnessed to achieve sustainable mobility. The idea of TOD, 
which seeks to harmonize land-use and public transit by increasing development and population 
density around transit infrastructures, has been used in practice to create compact, vibrant, and 
pedestrian-oriented communities. Following the publication by Calthorpe (1993) on practitioner-
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generated research and ideas on the links between mobility and urbanization, the concept of TOD 
had been popularized in the field of urban planning and city development. In the 1990s and 2000s, 
countries such as the US, Canada, and Australia had incorporated aspects of TOD in dozens of 
projects. As a result, studies concerning the obstacles to, and the success of TOD in cities generated 
an abundance of literature and debates in the fields of urban design and regional economics. 
In Europe, the desire for integrating urban development and transit systems has been of prime 
importance, for which reason it is considered as the best practice for controlling urban sprawl. As 
urbanization patterns in Europe differ radically from those in the US, TOD-based empirical studies 
focused on factors based on the European TOD context. Singh et al. (2014) proposed a TOD index 
for the identification of hot spots for further development of TODs in the Arnhem-Nijmegen City 
Region in the Netherlands using multiple spatial indicators such as density, mixed land-use, 
number of business establishments, and so forth. 
In Asia, Japan is considered to have played a pioneering role with regards to the implementation 
of policies based on the TOD concept. In Tokyo, for instance, compact urban development was 
concentrated around the main interchange stations along the railway lines, and the TOD planning 
focused on increasing residential development around railway stations (Guo et al., 2018). 
Similarly, urban cities in Singapore, South Korea, and Hong Kong put in place policies to ensure 
high densities development around transit stations. The formalization of integration between land-
use and mass rapid transit systems by policymakers helped manage land pressure and the 
structured residential composition of their cities (Doulet et al., 2017). The TOD concept has also 
been actively promoted in Chinese cities since 2000 to combat the structural tendencies favoring 
private car ownership. In Africa, where little attention has been paid to the potential relevance of 
TOD, few cities such as Johannesburg and Cape Town in South Africa have begun implementing 
the TOD concept (Ogra & Ndebele, 2014; Wilkinson, 2006). 
2.3.  TRANSPORT INFRASTRUCTURE  
Transport infrastructure plays an important role in the economic growth and development of a 
country. An efficient and well-designed transport infrastructure promotes economic growth by 
trade facilitation and describes the networks, assets, and services that facilitate socio-economic 
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activity in an economy. It involves not only traditional engineering structures such as roads, 
railways, cycling ways, and pedestrian walkways but also digital and information communication 
technology (ICT) systems. The efficient provision of a transport infrastructure provides the 
hallmark of a well-functioning economy (Hughes & Healy, 2014). 
2.3.1.  Non-Motorised Transport (NMT) Modes in Urban Mobility Systems  
Non-motorised transport includes all infrastructures of travel that do not depend on an engine or 
motor for movement. These include walking, bicycles, animal driven vehicles as well as small-
wheeled transport equipment such as push scooters, skates, skateboards, hand carts and 
wheelchairs. However, non-motorised modes in this study consisted of pedestrians and cyclists. 
These two modes (walking and cycling) play a dominant role for short distance trips as an 
affordable, convenient and non-polluting local distribution modes in multi-modal systems and 
have complete flexibility in terms of timetables and route design.  In recent years, non-motorised 
transport in the form of cycles and pedestalisation was found to be an integral element of urban 
transport both in the developed and developing countries, although its significance and function 
vary between countries and cities. The typical externality problems related to motorised traffic do 
not occur where there are non-motorised transport modes. Congestion of pedestrians rarely occurs, 
with a possible exception of popular shopping areas in old cites.  
In most countries, about 20-40% of the traffic accident victims are pedestrians or cyclists. 
However, some   strong points of non-motorised transport modes are that they are cheap and 
environmentally friendly in terms of emissions and noise, and little space is needed for parking. 
This makes them interesting elements of environmentally friendly transport policies. The 
opportunities for non-motorised transport modes are most favourable for short-distance trips. The 
share of short-distance trips is large (about 50% of all trips are shorter than 3.5 km) and in this 
range walking and biking indeed have modal shares of more than 50% (Rietveld, 2000). Even 
though in terms of the total number of kilometres travelled, these trips may have a rather small 
share, they are yet important. First, they take place in sensitive areas: if these trips would be 
replaced by car trips relatively large external effects would be produced in terms of noise, pollution 
and accidents. In addition, because of the ‘cold start’ phenomenon, energy use and pollution are 
not just proportional to the number of kilometres travelled again implying high external costs per 
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kilometre travelled for short car trips.   It is concluded that for this class of short-distance trips 
non-motorised transport modes are attractive both in terms of their environmental performance 
and their quality (speed) and cost features.   
Opportunities for non-motorised transport modes are best where many potential destinations of 
trips can be found within short distances and where competing modes are slow, for example in 
highly congested cities. Indeed, the share of pedestrian trips is higher in high-density areas than in 
rural areas. Another way to approach walking and biking is to consider them as complements to 
the other modes. This is evident for the use of public transport, entailing the need to go to a public 
transport stop, but also for car use one cannot avoid the need to walk a certain distance. At the 
home end of trips this is usually only a short distance, but when parking is a problem at the activity 
end it may be much longer.  Besides, it is argued that non-motorised transport can be very helpful 
for changing travel behaviour and mode choices. For instance, private vehicle users are expected 
to realise the benefits of walking, cycling and using transit modes, and shift from private modes to 
sustainable modes. Consequently, the urban centres are expected to become free from large scale 
use of private vehicles, and there shall be a reduced need for parking of private vehicles in the 
CBDs leading to a change in land use patterns (Cervero, 2013).    
2.3.2. Motorised Transport Modes in Urban Mobility Systems 
Urban public transport systems are arguably the lifeblood of cities and towns, as centres of 
interaction and economic activities are essential for connecting places and people (Mazaza, 2002). 
The importance of urban public transport systems means that for urban development planning to 
effectively meet its intended needs, provision of adequate public transport infrastructure should be 
a top priority for cities worldwide. Thus, the pressing need for having an efficient urban public 
transport system that addresses the socio-economic needs of the people through an integrated 
network has influenced the nature of urban planning for developing countries. These have to deal 
with the challenge of managing rapid urbanisation against their constraints and decaying public 
transport infrastructure (Albalate & Bel, 2009). Notably, urban public transport systems play a 
critical role in transporting high volumes of people for day to day transportation needs, access to 
economic prospects and transporting of goods (Mugion et al., 2018).  Through fully functional and 
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efficient systems therefore, cities can attend to issues of access to economic opportunities, 
congestion and pollution.  
On the other hand, public transport inefficiency interferes with citizens’ quality of life and 
productivity rates, and urban public transport systems have earned recognition as a solution to 
congestion and road traffic management (Pojani & Stead, 2015).  Therefore, fully functional 
systems reduce congestion on public roads, where an alternative is provided and where people can 
travel to their respective destinations more quickly. People also have different travel patterns 
which influences the public transport network pattern usage and makes possible the interchange 
or transfer between different modes of transport (Urry, 2016). The common multimodal systems 
of a public transport network include bus services (including mini-buses or taxis), rail transport, 
subways and cycling with the main alternatives being bus systems and rail transport. The common 
trend in major urban areas is different service providers some of which can be formal or informal. 
Buses and rail transport are the most common modes of urban public transport systems (Vuchic, 
2002). It is not surprising therefore that Bus Transit Systems (BRT) and advanced train systems 
have formed the core of innovation over the past 20 years (Cruz et al., 2012). 
Urban public transport is key, as it provides access to markets, employment opportunities, 
education, health care and recreation for the wellbeing of the people economically and socially. It 
is also critical in helping the developing world achieve its millennium goals, through meeting the 
needs of poor and vulnerable groups (Hook & Howe, 2005). Through a regulatory framework, the 
state may coordinate operations in the urban public transport system, as it has in places like Rio 
de Janeiro (Barbosa & Galves, 2019). Reasonable progress has also been witnessed in China, 
where the state has provided adequate policy instruments complemented by the political will to 
improve public transport (Liu & Ceder, 2015). However, the monopoly in space and time by 
transport operators cannot be ignored, as it may result in some services being offered at higher 
fares and therefore excluding some poorer members of the public (Banister & Button, 2015). This 
means that a lack of comprehensive management by the government of urban public transport 
operations may result in social and economic exclusion and negatively impact people’s quality of 
life (Markovich & Lucas, 2011).  
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Barbosa & Galves (2019) further argues that a lack of regulatory measures and enforcement 
contributes to market failures. Litman (2012) also observes that transport planning should be done 
in a sustainable manner, where its future impacts are considered when doing trade-offs in desired 
transport planning outcomes. Daraio et al (2016) also argues that political will plays a critical role 
in urban public transport systems interventions. Here, decision makers play a critical role on 
shaping the direction of these systems by enacting innovative policies which redress socio-
economic disparities. According to Mulenga (2015), it is essential that both soft and hard 
infrastructure is given cognizance in development processes and projects. Hard infrastructure 
relates to the railway lines and highways or BRT routes, whereas soft infrastructure implies the 
secondary institutional or market orientated development (Ndwandwe & Gumbo, 2017). These 
observations are also acknowledged in the Gauteng 25-Year integrated transport master plan of 
2013 focusing on intelligent transport systems. This outlines the Province’s plans to develop 
sustainable transport systems that will anchor the economic, social, cultural and environmental 
objectives of Gauteng.   
2.4.  TRANSPORT PLANNING AND DESIGNS  
Urban transport planning systems play a critical role in fostering healthy and sustainable cities. 
Because 66% of the world’s population will live in cities by 2050, serious consideration must be 
given to the role of transport and its impact on the liveability of people and the planet (Thondoo et 
al., 2020). Transport planning focuses on increasing mobility, alleviating congestion, and reducing 
environmental impacts, often without consideration as to whether policies directly foster 
widespread and equitable participation in a broad range of daily activities (Litman, 2017; Martens, 
2016; Allen & Farber, 2020). Nevertheless, integrated land-use and transport planning seems to 
offer some hope of reversing the hitherto traffic-inducing nature of this interaction (Boarnet, 2011, 
Ewing & Cervero, 2010, Holz-Rau & Scheiner, 2019). The contemplated planning interventions 
in land use structures and transport provision could lead to a reduction in distances travelled (traffic 
reduction) and cause a modal shift from car transport to more environmentally friendly modes.  
2.4.1. Approaches to Urban Public Transport Systems 
Investments in urban public transport infrastructure have emerged as an integral part of improved 
access to economic opportunities (Litman, 2017). Furthermore, the deficiencies in urban public 
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transport infrastructure have driven innovative approaches to urban mobility and public transport 
infrastructure development (Gakenheimer, 2011). Given the sustainable development agenda and 
the need for the creation of efficient and reliable urban public transport systems, integration of the 
public transport network has formed the core of the urban public transport infrastructure for multi-
modal transport (Marrian, 2001). This takes account of the socio-economic needs of the people 
served by the public transport network as well as careful consideration of environmental 
constraints.  According to the Vasconcellos (2014), such innovative urban public transport system 
integration is a response to market failures as well as the need to improve consumer experience.  
Moreover, the spatial development pattern of any city is strongly influenced by the transport 
network which is a result of its planning (Wang et al., 2011). This review suggests that a lack of 
integration in transport planning has a negative effect on building sustainable, compact and 
integrated cities and therefore results in market failures.  
Benavente-Peces et al. (2013) observe that cities with vibrant economies have identified innovative 
urban public transport systems as focus points.  However, one of the challenges tackled through 
innovative public transport systems is traffic congestion problems and increased travel times 
(Vasconcellos, 2014).  Furthermore, the fragmented nature and spatial form of urban public 
transport networks operated by various service providers has meant that public institutions 
responsibility goes beyond public transport infrastructure. Thus, the need to bring together all 
stakeholders directly and indirectly involved with public transport infrastructure has led to 
improvement in urban public transport operations. The different service providers often use 
different billing systems service patterns, some with distinct technological tools and service 
patterns. This complicates things for the commuters (Vermesan & Friess, 2013). Lack of 
integration and cooperation amongst service providers leads to increased travel times and costs, as 
people take more than one mode of transport to get to their destination. This has led to innovative 
strategies being developed for integrated billing systems. 
2.4.2. Types of Innovative Urban Public Transport Systems 
Thus, the need for innovative approaches to planning and implementing urban public transport 
systems, and provision of adequate infrastructure that will improve the quality of such services has 
been established (Redman, et al., 2013). Because of this, it is important to define characteristics of 
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innovative urban public transport systems in their varied forms. Adequate policy instruments 
should be derived such that investments are channelled accordingly, considering the public 
transport needs of that specific city or town (Chiu et al., 2014). Hence, innovative public transport 
systems can be defined as new practices that seek to provide better solutions to existing challenges 
and traditional measures in urban transport planning and mobility (Gerike et al., 2016). Innovative 
urban public transport systems allow for interdependent stakeholders and service providers to 
effectively respond to public transport challenges (Thondoo et al., 2020). To achieve this end goal 
a multimodal network should be developed that brings together the operations of all public 
transport modes that are responsive to local issues (Litman, 2014).  
Accordingly, innovative urban public transport systems create a much-needed platform for 
multimodal public transport coordination (Gerike et al., 2016). Such innovations range from 
technologically inclined, high quality passenger transportation, stakeholders’ cooperation and 
integrated billing across all modes of public transport systems. The common goal is always to 
provide, efficient, reliable and affordable urban systems. These innovative urban public transport 
systems characterised by rapid rail transport, light rail transport and Bus Rapid Transit (BRT) 
systems have been the major investment pillars for most governments at local and international 
level (Tsay & Herrmann, 2013). The major investments associated with these innovations are 
understood to be key drivers of economic growth. It is therefore important to understand each type 
of innovative urban public transport system, the type and quantity of passengers it carries, and the 
role it plays in socio-economic transformation, given prevailing circumstances in a city. The most 
important consideration for developing countries is ensuring that they do not adopt public transport 
options that will be too costly. Rather they must seek innovations that are within their financial 
capabilities. 
2.4.3. Innovative Public Transport Systems and Urban Mobility 
The primary objective of public transport infrastructure is to facilitate urban mobility by way of 
improving the movement of people, goods and services within a particular space (Department of 
Transport, 1996). Given the prominent spatial disparities in the developing world, innovative 
transport systems policy interventions must seek to improve urban mobility by effectively 
facilitating spatial integration of various land uses, to create a vibrant socio-economic environment 
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within cities (König et al., 2017). Thus, densification along main public transport corridors has 
been advocated as a mechanism to redress the spatial imbalances of the past (Di Pasquale et al., 
2016). Even in the developed world, rapid urbanisation and population growth has meant that the 
provision of adequate public transport is a top priority for urban growth management (Aljoufie et 
al., 2011).  
In a nutshell, urban mobility is concerned with the time spent travelling, and distance covered is 
central to mobility within the urban environment (Lucas e al., 2009). However, Chen et al. (2020) 
argues that urban mobility policy interventions should look beyond addressing issues of traffic 
problems. They should rather be responsive to people’s daily needs and not neglect or 
systematically exclude the urban poor. Accordingly, when deliberating on innovative urban 
transport systems and infrastructure, one cannot neglect the demand for improved urban mobility 
characterised by improved access to opportunities, affordable public transport systems and 
efficient and reliable service (Barbosa & Galves, 2019). The existing body of knowledge reveals 
that four interlinked and interdependent main themes exist which serve as performance indicators 
of the public transport systems. These are accessibility, affordability, efficiency and reliability or 
convenience (Chen et al., 2020). Urban public transport systems that reflect a cross-balance across 
these four main themes can be deemed to have met the minimum requirements for improved urban 
mobility through an integrated network (Rodrigue et al., 2009). Subsequently, innovative policy 
interventions should strive to achieve these main principles to ensure fully functional and 
economically viable cities. 
2.4.3.1.  Accessibility through urban public transport systems 
The day to day activities within an urban setting consist of varied travelling needs, where people 
require easy access to economic opportunities and other urban amenities (Curtis & Scheurer, 
2017). Such accessibility is concerned with people’s ability to easily connect to various goods and 
services in a given city, having reduced travel times and walkable access to human settlements as 
key indicators of improved urban mobility (Litman, 2017). Central to attaining accessibility is the 
provision of a variety of modes of public transport that are operationally integrated to enhance 
connectivity of various nodes. Commuters are thus able to travel directly to their desired 
destination without experiencing unnecessary delays due to limited public transport options (de 
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Stasio et al., 2011). According to Verseckienė et al. (2016), improved accessibility through public 
transport cannot be achieved if public transport systems neglect people’s needs and travel costs. 
This principle of accessibility goes beyond access to economic opportunities but emphasises the 
importance of providing public transport systems which are user friendly to the elderly and people 
living with disabilities (Ormerod, et al, 2015).  
Non-Motorised Transport (NMT), through pedestrian corridors and cycling routes, also forms the 
core of accessibility through innovative urban public transport systems (Culwick et al., 2015). 
Such systems should facilitate all travel needs through public transport corridors which bring 
socio-economic vibrancy to city life. Despite the shortfalls observed in traditional approaches to 
public transport, improvements in the efficacy of innovative urban public transport systems will 
improve access levels.  Innovative approaches have been adopted which are essential for 
attainment of accessibility, and through these, all people regardless of their physical, economic 
and social backgrounds are able to move around and enjoy opportunities available within the urban 
setting. Innovative approaches examine all components that are central to achieving a fully 
functional urban public transport network. This makes it easier for people, goods and services to 
move while also fostering integration of economic and residential opportunities.  
2.4.3.2.  Affordability: Cost-effective urban public transport systems 
In developing countries characterised by a fragmented spatial form, modes of public transport 
often do not take commuters directly to their respective place of work or residence. As a result, 
this necessitates commuters’ using two or more modes of public transport before they reach their 
intended destination (Gerike et al., 2016). Further, the urban poor are often the main users of public 
transport, but due to their financial constraints they are unable to afford public transport fares and 
walk long distances to obtain access to various opportunities (De Gruyter et al., 2017). Increased 
travel times and costs also have a negative impact on the productivity of workers. In some cases, 
these may lead to low-income earners giving up their jobs or it may discourage them completely 
from looking for employment (Wołek et al., 2020). 
Innovative urban mobility policy interventions must see to it that affordability for all is enhanced, 
especially for the poor (Pojani & Stead, 2015). Since the colonially inherited spatial form in most 
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developing countries cannot be reversed, integrated billing systems and cooperation amongst 
stakeholders may help improve the situation.  For example, in Rio de Janeiro (Brazil), introduction 
of the Bilhete Único Integrado (BUI) meant that commuters could use one card to pay for all modes 
of public transport (Mashwama et al., 2020). As such, this helped facilitate affordable multi-nodal 
public transport operations and reduced travel times which were very beneficial to the low-income 
earners. 
2.5.  SPATIAL INTEGRATION OF TRANSPORT SYSTEMS 
The term transport integration denotes such economic, technical, organisational, policy-based and 
informational concepts that pledge the continuity of travel from door to door (Solecka & Żak, 
2014). The term means connecting various transportation modes operating in certain transport 
systems which facilitate commuters’ travelling between different modes and assuring a smooth, 
safe and efficient flow of commuters from their origins to their destinations (Vercruysse et al., 
2015). Integration of urban public transportation is defined as an organisational process. Through 
this, network and infrastructure, information and marketing components, fares and ticketing 
systems and a variety of carriers who serve different transportation modes interact more closely to 
generate an overall enhanced performance of public and individual transportation (Kourtit et al., 
2017). In particular, the implementation of various transport integration solutions may result in 
reduction of travel times, transportation costs, environmental pollution and traffic congestion 
(Shahraki & Turkay, 2014). Transport integration leads to the improvement of urban public 
transport system accessibility and overall competitiveness and assures better utilisation of different 
transportation means and infrastructure.  
Moreover, integration of urban public transportation is mostly determined by the pattern of land 
use, the nature of the transportation systems, and the characteristics of the traveller (Hidalgo & 
King, 2014). Travel cost, time, distance and the choice of travel mode are important, and the closer 
the origin and destination are to the main transportation system, the higher the level of connectivity 
(De Abreu Freire & Painho, 2014). Also, the greater the variety of modes for travelling between a 
given origin and a destination, the less time and money spent in travel and the more places that 
can be reached within a certain budget, the greater the connectivity (Chowdhury et al., 2018). For 
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the concept of connectivity to be useful for evaluation of the need for and effectiveness of 
transportation and land use planning policies, it needs to be translated into specific measures. 
There are different types of transport integration in the urban areas. These include the integration 
of different modes of public transportation and of public and individual transportation. They also 
include the integration of transportation policy with other policies concerning spatial planning and 
city management. Spatial integration is based on the application of efficient land use strategies 
(such as multimodal terminals and interchange platforms, and shared lanes for means of public 
transportation) (l'Hostis, 2017). Furthermore, infrastructural integration is based on the 
development of various technical solutions in transportation infrastructure (for instance 
passageways connecting public transportation stops, overpasses, underpasses, shared stops for 
public transportation). Organisational integration (for instance metropolitan tickets various 
transportation modes and coordinated timetables) and economic integration are focused on the 
introduction of various measures supporting sustainability and efficiency of the public 
transportation systems (for example integrated tariffs). Informational integration includes 
passengers’ information systems; web pages and electronic travel planners (Kourtit et al., 2017).  
Urban public transport spatial integration is focused on connecting various transportation modes 
operating in a certain transportation system. It provides solutions to facilitate commuters’ 
transferring between the modes and assures safe, smooth and efficient flow of commuters from 
their origins to their destinations (Chowdhury et al., 2018). Integration of urban public 
transportation is defined as an organisational process combining components of the commuter 
public transportation system (network and infrastructure components) (Shahraki & Turkay, 2014). 
Through this, a variety of carriers who serve various transportation modes interact more efficiency 
and closely to generate an inclusive enhancement in service quality level and improved 
performance of the public transportation (Luk & Olszewski, 2003, Ulengin et al., 2007).  
2.5.1.  Reliability of public transport systems 
Urbanisation and rapid population growth mean that availability of reliable transport systems is of 
paramount importance to avoid congestion on public roads (Padam & Singh, 2001). In the 21st 
century, people are not easily persuaded to get rid of private cars unless they are more than satisfied 
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that they can rely on public transport for their social and economic needs without having to endure 
inconvenience (Monchambert & De Palma, 2014). In addition, having to rely on urban public 
transport for commuting purposes while being concerned about the punctuality of such public 
transport systems cannot boost commuters’ confidence in public transport (Prim, 2016).  
Intelligent Transport Systems (ITS) have therefore been introduced to strengthen the reliability of 
urban public transport systems through constant updates and communication about such services 
(Zawieska & Pieriegud, 2018). Through ITS communication channels, people can plan their 
business and day to day trips through the information provided by the channels (Tolley & Turton, 
2014). ITS even enables tourists to navigate through the city using public transport. They can go 
wherever they want to, while being guided by the ITS linked to innovative urban public transport 
systems. These clearly communicate the mode of public transport to take them conveniently to 
their destination.  
2.5.2. Efficiency of public transport systems 
To ensure improved urban mobility, innovative urban public transport systems should be anchored 
through application of analytical methods to achieve best practices. These should be characterised 
by best consumer experience and socio-economic vibrancy, thereby optimising efficiency of the 
public transport systems (Preston & Almutairi, 2013). The safety and security of commuters should 
be a priority, and each mode of public transport should be consumer friendly and effectively 
managed (Abreha, 2007). However, modes of public transport cannot run efficiently when 
operating independently from each other. Therefore, the integrated multimodal urban public 
transport network is the heartbeat of efficiency, as it enables people to connect to every part of the 
city through high quality public transport systems.  
Spatial integration is central to the principle of efficiency, where various innovations can facilitate 
trade, tourism, commerce, services and education to the benefit of commuters while also boosting 
the local economy. Therefore, efficiency goes beyond the quality of service provided by urban 
public transport systems. It also extends to designing stations and connector points as activity 
nodes, either as green space plazas for leisure and recreational purposes, or socio-economic nodes 
with vibrant small-scale economic activities (Pojani & Stead, 2015). At an advanced level, 
efficiency can even involve a combination of recreational and socio-economic activities, where 
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people can relax and operate their small businesses in a healthy, refreshing and vibrant 
environment.   
2.6.  GLOBAL EXPERIENCES IN TRANSPORT INFRASTRUCTURE INTEGRATION 
Globally, the transport sector accounts for one fourth of total emissions, with the road sub-sector 
being the largest contributor in terms of volume (Oberhofer & Dieplinger, 2014). Urban mobility 
and transport sustainability are thus at the top of policy agendas (Marsden & Rye, 2010), 
underpinning high level ambitions to curb negative externalities linked to traffic (e.g., European 
Union, 2014) (Colangelo & Zeno-Zencovich, 2015). Public authorities are expected to lead the 
transformation in mobility patterns, and the enhancement of public transport to promote a modal 
shift from cars is key (Banister, 2008). In this context, it is critical to understand how governance 
structures and processes influence Public Transport attractiveness to users. 
2.6.1. Case study of Amsterdam, Capital of the Netherlands 
According to the findings from Hirschhorn et al. (2019), Amsterdam's transport modal split is 
benefited by an enabling framework combining conditions for: (i) regional multimodal planning 
integration; (ii) fare integration; (iii) long-term planning; (iv) a higher degree of contractual risks 
allocated to operators; and (v) land use and transport integration.  Public transport’s formal 
institutional environment in Amsterdam has also been marked by a long and stable trajectory of 
integration in ticket and fare policies, as well as the systematic preparation and use of a strategic 
planning framework for public transport. National integrated ticketing and fare systems date back 
to 1980 in The Netherlands and were reformed between 2005 and 2011. A smartcard (the OV-
chipkaart), valid across all public transport modes and operators, replaced paper tickets, whereas 
zone pricing was replaced by a system based on regional per-km fees set by each PTA. Therefore, 
historically passengers have faced lower entry barriers to the PT system. In relation to long-term 
planning, it was first formalised in the early 1990s when the Regional Orgaan Amsterdam 
elaborated the first Regional Traffic and Transport Plan. This plan was revised in 2004 following 
the planning framework cycle, and then replaced in 2017 (van Goeverden & Peeters, 2020). 
The Dutch Spatial Planning Act, the country's main framework for land use planning, was 
reformed in 2008 under the slogan ‘decentralise where possible, centralise where necessary’, and 
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established that each level of government is to identify its interests and to apply planning 
instruments to realise them through structured plans (Veeneman & van de Velde, 2014). 
Municipalities are the main spatial planning authorities., but all three levels of government must 
prepare (non-statutory) structured plans. No agency or government level combines formal powers 
to regulate both land use and transport planning at the regional scale. Still, municipalities in the 
Amsterdam region followed national strategies for concentrated development during most of last 
century (Geurs et al., 2012). The changes in the formal institutional setup of public transport in 
Amsterdam during the last decades were profoundly influenced by the rise of neoliberal ideas in 
the 1970s and 1980s, usually associated with the New Public Management (NPM) label (van Oort 
& Cats, 2015). NPM policies gave primacy to values like efficiency and effectiveness in public 
administration, advancing horizontal specialisation, structural devolution, and the creation of 
specialised agencies (van Geet et al., 2019). The results of these reforms have been to some extent 
positive in increasing cost-efficiency in public transport, but not satisfactory regarding ridership 
and cost-recovery levels (van de Velde & Savelberg, 2016). Consequently, public transport 
planning and delivery in Amsterdam in recent years has increasingly targeted ridership and 
revenue growth. This is frequently described by documents and interviewees as a user-driven 
approach, and, in concrete terms, is chiefly linked to a shift of production towards high-demand 
lines that can be more profitable. 
2.6.2. Case Study of China 
The development of transport infrastructure is characterized by intensive capital input, intensive 
energy consumption, and pollution emissions in spite of the continuous intensification of resource 
and energy constraints in China. Economic reforms and open-door policy in began in 1978 and led 
to the fiscal decentralization in the 1990s. The result is that investment in transportation 
infrastructure in China has improved substantially, with both the central and local governments 
actively involved in the development of transport infrastructure (Banerjee et al., 2012). In terms of 
national CO2 emissions, the transport sector contributed about 7% (Jiang et al., 2017). Therefore, 
attempting to reduce resource consumption while controlling emissions is a central theme in the 
development of sustainable transport worldwide. However, since the end of 20th century, and 
especially in recent years, many of the problems of the development of transport infrastructure in 
34 
 
China have worsened, including overexpansion, duplicated construction, and unreasonable 
competition (Sun et al., B., 2019).  
These problems are primarily the result of the ignorance of national conditions, the stage of 
development, and tendencies during transport planning. However, globalization has brought China 
closer than ever to the rest of the world, not only through its trade and transport networks, but also 
through the many transport-related issues that seem to be common among countries (Magazzino 
& Mele, 2020). Most provinces in China do not have a high level of transport efficiency. In fact, 
the transport efficiency levels of most provinces were lower than 50% of the ideal or target level 
(Jiang et al., 2017). Furthermore, the transport efficiency levels by province and region 
demonstrated regional disparities. For instance, the provinces in the central and western areas, such 
as Jilin, Yunnan, Gansu, Shaanxi, and Inner Mongolia, showed transport efficiency levels that 
were decreasing more noticeably than those of other provinces (Ma et al., 2020).  
2.6.3. Case Study of Addis Ababa, Ethiopia 
In the City of Addis Ababa (Ethiopia), complex urban public systems and networks are prevalent 
as with other developing countries (Gebeyehu & Takano, 2007).  Most commonly observed 
amongst these challenges is overcrowding of pedestrian and other modes of public transport due 
to their limited availability. This exists against a background of high demand, with no walkways 
for a city that predominantly has a high volume of pedestrians. Fenta (2014, and Gebeyehu and 
Takano (2007) observe that buses (40%) and taxis (60%) are the only modes of transport, as there 
is no rail network. Taxis in Addis Ababa are the most commonly used yet are not affordable by 
the urban poor (Fenta, 2014). Although the government buses are the cheapest option, due to their 
unreliability, overcrowding and the uncomfortable nature, some people, especially the youth resort 
to minibus taxis even though they are expensive.  
Given the fragile state of institutions, Alade et al. (2020) questions the possibility of effective 
management of different modes of public transport operations proposed in the Urban Public 
Transport Plan, especially since the public authorities play a minimal role in them. It is evident 
that the state has not done enough to strengthen its institutions, thereby creating an enabling 
environment and bringing all stakeholders to work together in Addis Ababa. Though the 
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partnership with the China Railway Group Limited saw the successful implementation of light rail, 
this did not bring together all relevant stakeholders. (Alade et al., 2020). Institutional capacity 
development is essential, especially since urban public transport infrastructure requires 
institutional coordination amongst interdependent stakeholders. Without effective coordination of 
stakeholders, the chances of formulation of a collective strategy for an integrated multi-modal 
urban public transport network are limited (Bekele, 2020). Thus, urban public transport systems 
which are unaffordable and poorly coordinated, as it is the case in Addis Ababa, may persist if a 
variety of public transport modes is not catered for. There is also a need for Addis Ababa public 
transport interventions to incorporate elements of non-motorised transport like pedestrian 
walkways and cycling routes, especially for short distance trips.  
2.7.  SOUTH AFRICAN EXPERIENCES  
The South African government’s vision is to realise large scale modal shifts from private to public 
transport and achieve the intention of the National Development Plan to provide an integrated 
commuter transport system and access for all (National Planning Commission, 2012 This implies 
that a transportation system needs to be provide that is attractive to users. Public transport in the 
country is however generally regarded as being of a low standard.  In previous research on the 
state of transport in the country, an opinion poll (TOPSA) indicated over a four-year period that 
the public is generally extremely dissatisfied with the quality and levels of public transport. 
Because of this, societal needs such as mobility and accessibility remain largely unaddressed 
(Heyns & Luke, 2016). This is further evidenced in the high levels of private car usage as the 
dominant form of commuting and low levels of public transport use. Nationally, 38.48% of persons 
access work as the driver or commuter within a private motor vehicle, 26.5% are made by minibus 
taxi (privately owned public transport) and 21.1% walk all the way (Stats SA, 2014).  
In Gauteng, the figures show similar patterns, with 30.6% of all trips made by private car as a 
commuter or driver, rising to 31.6% if company vehicles are included. Walking all the way is the 
most common form of transport in the province (34%) and 21.9% use minibus taxis (Stats SA, 
2014). The low uptake of government subsidised transport and the continued high levels of private 
motor vehicle use suggests that levels of public transport are insufficient, or the quality is too poor 
to attract users. Previous research by Vilakazi & Govender (2014) suggests that the quality of 
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public transport service is so low that most public transport users convert to private car ownership 
and travel as soon as they are able to afford it. This is supported by not only the usage figures 
quoted above, but also by the National Household Travel Survey, which indicated that only 9% of 
commuters had not experienced transport problems with transport. This implies that the majority 
(91%) had issues relating to bus services in Gauteng. These are highlighted as lack of availability, 
preferring taxis or private vehicles, buses not going to places where they need to, bus stops being 
far away from home and lack of knowledge of routes and schedules. (Stats SA, 2014).  
Issues relating to trains include the lack of availability of train services, trains are too far from 
residential areas, preferring taxis or private cars, crime and overcrowding. Despite the frequent 
references to preferences for minibus taxis, these are also not mentioned as being a significantly 
more attractive mode of transport. Issues relating to this form of transport tend to be associated 
with preferring private transport, the cost of the journey, lack of availability, reckless driving and 
crime (Walters, 2014). Commuters of public transport thus prefer private transport, with the quality 
of public transport such that few private transport users would willing switch to it. By implication, 
service quality in public transport requires considerable improvement if policies to achieve modal 
shifts to it are to be effective.  
2.7.1. The state of commuter rail in south Africa (services managed by PRASA) 
The commuter rail section of PRASA (Metrorail) owns 317 stations (but operates 468 stations) 
and provides rail services on 3180 of single km track. It has a fleet of 406 train sets of which 97.5% 
were built between 1958 and 1985. The majority of the rail fleet technology dates back to 1950s 
(PRASA Corporate Plan). Currently, 70% of the resources required to operate that rail function 
come from Government in the form of deficit subsidies while the balance comes from internally 
generated free operating cash flow. During the period 2007 -2010 government made available R25 
billion for the stabilisation of PRASA and a turnaround strategy. During The Department of 
Transport International Transport Investors Conference held in Cape Town, where the department 
showcased transportation infrastructure projects which may attract private sector capital, PRASA 
highlighted the following potential projects for financing: the Cape Town Airport Rail Link; the 
Moloto Rail Corridor (north of Pretoria); the Bloemfontein e Botshabelo Passenger Rail Corridor; 
the Bara Rail Link (Gauteng); The Motherwell Rail Link (Port Elizabeth); the Daveyton Rail 
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Extension (Gauteng) and the re-introduction of the Hammanskraal Rail Link north of Pretoria (van 
der Walt, 2011). In terms of its ageing rolling stock, PRASA mentioned that it was busy with a 
feasibility study to replace 8600 rail coaches with new rolling stock over an 18-year time frame. 
A transaction adviser for the project was appointed and it was estimated that the rolling stock 
renewal programme would cost about R 86b over the 18-year period. It was estimated that a 
Request for Proposals (RFPs) would be issued by mid-2012 (van der Walt, 2011). 
2.7.2. The Gauteng High Speed Rail Service (Gautrain) 
The need to establish a high-speed rail service between the metropolitan area of Tshwane (which 
includes Pretoria), Johannesburg and Oliver Tambo International Airport (South Africa’s main 
international air hub) has been a point of discussion for many years. The project was meant to 
speed up the travel time between Tshwane and Johannesburg, a notoriously congested freeway 
link, thereby enticing car users to make use of the rail service instead. As the airport is some 20 
km from the CBD of Johannesburg and about 40 km from Tshwane, a link to the airport was also 
built into the project as it is expected that the airport would in future become significantly busier. 
The system consists of 10 stations and 80 km of railway lines (of which 15 km are underground) 
linking the three nodes. 
The Gautrain system interfaces with Metrorail commuter rail services at Hatfield Station, Pretoria 
Station, Rhodesfield Station and Johannesburg Park Station. The maximum speed of the system is 
160 km/h and operates on standard gauge. Currently there are 24 Electrostar train sets 
manufactured by Bombardier. The train sets operating to the airport differs from the normal 
commuter sets, as provision is made for luggage capabilities on the airport services. The current 
frequency is between 10 min and 30 min with the latter mainly applying to weekend services. The 
initial operating hours are from 05:30 to 20:30. A significant bus feeder and distributor system 
supports the rail service to and from stations. 
The feeder and distribution system are operated with 125 buses operating 36 feeder and 
distribution routes spanning 420 km. The Gautrain service operates every 12-30 min generating 
about 2200 bus trips per day and over 26 000 daily operating kilometres. The service complements 
existing bus services in the various metropolitan areas (Dachs, 2011). The project is one of the 
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largest Public-Private Sector Partnership (PPP) concession projects of its kind in Africa. The 
concession is for 20 years for the design, build, part-finance and operation of the system. The 
Bombela Consortium manages the client interface with the Gauteng Provincial Government and 
provides an integrated solution approach for the PPP. 
2.7.3. Bus Rapid Transit (BRT) Systems 
The introduction of BRT systems in the country was officially sanctioned in the DoT Public 
Transport Strategy and the Public Transport Strategy Action Plans of 2007 (Venter, 2013). The 
BRT Programme was designed to move large numbers of people to all parts of a city quickly and 
safely. The aim of the BRT systems is to link different parts of a city into a network. Government 
wants to ensure that by 2020, most city residents are no more than 500 m away from a BRT station 
(Wood, 2015). Although, at present only three systems are in operation, the Rea Vaya system in 
Johannesburg, they Are Yeng system in Tshwane and MyCiTi in Cape Town. A number of other 
metro governments are planning systems, such as in Durban, Port Elizabeth and Brits (west of 
Pretoria). The systems feature dedicated bus-only lanes, as well as bus stations that are safe, 
comfortable, protected from the weather and friendly to passengers with special needs, such as 
children, the elderly, the sight and hearing impaired. They run for 18 hours a day from 5:00 to 
23:00. The plan is to eventually extend this to 24 hours a day. The Programme is part of a public-
private partnership in which cities build and maintain the infrastructure, stations, depots, control 
centres and a fare collection system (Scorcia & Munoz-Raskin, 2019). Private operators own and 
manage the buses, hire staff and provide services on a long-term contract. 
In 2013/14 over R5,5 billion was spent in up to 13 cities on planning, building and operating 
integrated public transport networks. Both Johannesburg and Cape Town constructed over 20 km 
of dedicated bus lanes on which services are operated, supported by over 100 km of 
complementary, feeder and distributor services (Hadders, 2019). In 2013/14, both Cape Town and 
Johannesburg expanded operations on Phase 1 Rea Vaya and My CiTi services to carry up to 100 
000 commuter trips a day on each system(Scorcia & Munoz-Raskin, 2019). Each city offers some 
unique and innovative approaches to the development of quality public transport networks. George 
municipality was a new entrant to the public transport network development enterprise and during 
the course of the next two years George will complete its full city-wide network on a more modest 
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scale than the networks being constructed in the metropolitan areas (Chakwizira & Mashiri, 2015). 
Buffalo City, Ekurhuleni, Mangaung, Msunduzi and Polokwane completed their public transport 
network development planning and service contract designs during 2013/14 and will start with 
network development in 2014/15 (Scorcia & Munoz-Raskin, 2019). The integrated public 
transport networks in the 13 municipalities must be universally accessible in line with the 
Department of Transport’s obligations under the Promotion of Equality and Prevention of Unfair 
Discrimination Act, 2000 (Act 4 of 2000) and national commitments made under the UN 
Convention on the Rights of Persons with Disabilities, which South Africa signed in full in 2007 
(Risimati & Gumbo, 2019). The Tshwane Rapid Transit (A Re Yeng) started operating in 2014. 
BRT systems combine the best features of rail with the flexibility and cost advantages of road-
based transport and have the added advantage of being easier and faster to build than a light rail 
transport system. Existing bus and taxi operators will feed into the public transport system and 
enter into long-term contracts with the relevant municipality. Fares will be administrated using a 
smartcard system to ensure commuters can afford them. The contract service will be paid per 
kilometre. 
2.7.3.1.Rea Vaya: Johannesburg 
Plans are to eventually introduce 325 km of BRT routes and 30 interchange nodes in the 
Johannesburg area. Phase one of the system consisting of 122 km of routes was approved by the 
Johannesburg Metro Council in 2006 (Seftel, 2011). The intention of the Johannesburg Metro (and 
supported by government policy and strategies) was to incorporate the taxi industry in the BRT, 
as the sole operator (there were no bus services on the route) on the Phase 1A route. The 
Johannesburg Metro therefore was one of the first to engage the taxi industry in a new business 
model that would manage the BRT route. Major difficulties were however encountered to get the 
taxi industry to “transform” from an informal business to a formal business. Taxi owners and their 
drivers were (amongst other) concerned about their future earnings, the loss of revenue as their 
taxi vehicles had to be removed from the route, the potential job losses, the complexities associated 
with a “formal” business etc. This led to protracted negotiations and many acrimonious meetings. 
The Metro was however under pressure to have the first phase of the service up and running by a 
certain date (a financial requirement) and services began operating before agreement could be 
reached with the taxi industry to buy into and manage the BRT system. 
40 
 
2.7.3.2.MyCiTi: Cape Town 
The MyCiTi BRT in Cape Town (or Integrated Rapid Transit as it is referred to in Cape Town) is 
a 15-year project to establish BRT systems in the city area. The inner-city distribution service 
linked the World Cup stadium in the Sea Point area (to the west of the Cape Town CBD) during 
the World Cup in 2010. A shuttle service links the Cape Town station to the Cape Town 
International Airport. The most recent phase of the BRT was launched in May 2011 along the West 
Coast corridor between Table View and the Cape Town CBD.  The entire service is supplemented 
with an extensive bicycle route network and links existing bus, taxi and rail services. The interim 
inner-city feeder route between Gardens, the Civic Centre and the Cape Town Waterfront also 
began operating recently. The business model included operators affected by the BRT. The market 
share model was based on passenger trips, passenger km generated, fare revenue and profits.  
The bulk of the investment in this service is in the infrastructure, which differentiates the MyCiTi 
system from other modes of transport by improving system efficiency. Some of these time savers 
include the “red” road, a dedicated concrete bus lane enabling the buses to travel independently of 
mixed traffic, especially significant in peak periods; the stops and closed stations with high-level 
level boarding through multiple doors enabling faster boarding and alighting times; inductive loops 
at traffic light intersections enabling pre-selection signal control to give the bus priority; kassel 
kerbs that control the bus wheel movement when docking, allowing for more accurate station 
alignment; cameras linked to the centrally located Transport Management Centre (TMC) enabling 
queues to be analysed inside the stations and bus requirements managed accordingly; pre-paid gate 
access with the AFC system using the Euro Mistro Visa (EMV) cards reducing delays to bus 
departure times as bus drivers don’t have to deal with money or tickets. 
2.7.4. Commuter Taxi Industry 
In South Africa, the dominant public transport mode is the 16-seater minibus taxi. These services 
had their origin after a 1985 White Paper on National Transport Policy, where the services were 
“legitimised”. This led to the rapid growth of the industry at the expense of the formal commuter 
bus and rail industries. Today, it is estimated that about 65% of all commuter trips take place in 
taxis, although the figure varies depending on local circumstances (Arrive Alive, 2011a). The 
industry is regarded as a prime example of Black Economic Empowerment in the country, in 
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particular small black business. The industry is largely unregulated, although route associations 
control access to routes and the associated associations. This has, especially in the past, led to 
major rivalry among operators, often leading to bloody battles, deaths and injuries. It is estimated 
that there are between 120 000 and 140 000 taxis in the country with the largest concentrations in 
urban areas. There is little effective governmental control over the industry by way of fares (the 
market and intensity of intra- and inter-modal competition determines fare levels), the effective 
enforcement of road traffic laws governing vehicle road worthiness and driving techniques. 
2.8.  CHAPTER CONCLUSION  
The chapter presented a significant background to literature concerning mobility and transport 
infrastructure plus a theoretical framework of the study. Comprehensive definitions of transport 
infrastructure, while providing an overview of transport planning and designs as well as highlights 
spatial of transport was outlined in the chapter. It has provided a brief overview of the state of 
public transport systems in cities of the developed, transitional and developing world. There is a 
clear distinction between the levels of innovation and the standards of transport operations for the 
three worlds indicated above. The cases of Addis Ababa and Nairobi discussed in this chapter 
provide evidence of the challenges which lie ahead for the developing world, given the persistent 
challenges and poor management of public transport operations. Lastly, the chapter provided a 
synthesis of transport infrastructure planning and development in South Africa looking at 
Commuter rail in South Africa, the Gauteng High Speed Rail Service, Bus Rapid Transit Systems 








TRANSPORT POLICIES AND LEGISLATIVE FRAMEWORKS IN 
SOUTH AFRICA 
3.1.  INTRODUCTION  
“Ever since the emergence of a democratic South Africa in 1994, the post-apartheid government 
has embarked on transformation of transport infrastructure and operations through policies and 
legislative frameworks” (Risimati and Gumbo, 2019:14). The discourse has been towards 
increasing the integration, efficiency and safety and the reductive of automobile travel; this was 
seen by the by the formulation of pertinent policies, strategies and frameworks that pursue to 
enlighten the development and operation of reliable, convenient and safe transport systems 
(Chakwizira et al 2019; Walters 2013). For this study, it was critical to examine relevant post-
apartheid policy and legislative frameworks that guide the planning, implementation, operations, 
and management of transportation in South Africa. Thus, chapter reviews policies and legislation 
government transport systems in South Africa since the emergence of democracy in 1994 at 
national level. The Gauteng province and the City of Johannesburg’s specific policy interventions 
to create mobility innovations in transport infrastructure are also discussed.  
3.2.  POST-APARTHEID SOUTH AFRICAN POLICIES AND LEGISLATIVE 
FRAMEWORK GOVERNING TRANSPORT INFRASTRUCTURE  
It is evident that transport policy in South Africa gives a useful synopsis of what has transpired in 
the policy field. Since the 1996 White Paper on National Transport, several empowering legislative 
instruments have been adopted in South Africa to promote integrated, efficient, reliable, 
convenient and safe transport systems. These started with the 1996 National Constitution, and 
more recently, the 1996 Green Paper on National Transport Policy.  More recently, the Green 
Paper on the National Rail Policy was implemented in 2015. These helped to identify methods of 
facilitating the planning, development and management of enhanced transport systems in the 
country.  The National Land Transport Act (Act 22 of 2000) was a significant milestone by the 
national government, post the White Paper. This was followed by the introduction of the Integrated 
Rapid Public Transport Network (IRPTN) initiative, a more sophisticated approach to urban public 
transport systems (Van Ryneveld, 2008). As part of these innovations, the Gautrain and Bus Rapid 
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Transit (BRT) were introduced, with the BRT being the commonly adopted form of public 
transport across the country.  
3.2.1. The 1996 White Paper on National Transport Policy 
The White Paper on national transport policy guides all transport legislation and planning in South 
Africa. The broad goal for transport is the smooth and efficient interaction that allows society and 
the economy to assume their preferred forms. The policy is divided in two key areas: infrastructure 
and operations and control. Public transport is nested within the broad area of operations and 
control under the heading ‘land commuter transport’. The National Department of transport’s 
mission is the promotion of a safe, reliable, effective, efficient, integrated and environmentally 
friendly land commuter transport system in South African urban and rural areas and the southern 
African region. It should be managed in an accountable manner to ensure that people experience 
improved levels of mobility and accessibility (Department of Transport, 1996).   
To support this, the policy objectives are broadly outlined as spatial development principles must 
support commuter transport policy. Public commuter transport must also be provided efficiently 
so that public resources are used optimally, and the application of funds to transport improvements 
should be self-sustaining and replicable. To encourage this, the users of urban transport facilities 
should pay for all or most of the costs incurred within the limits of affordability. It is evident from 
the above that the White Paper considers the provision of public transport as critical to improving 
mobility and accessibility and that it should be provided efficiently, affordably and effectively.  In 
terms of the infrastructure for public transport, the policy provides for efficiency in the provision, 
maintenance and operation of the primary economic road infrastructure network. Increased 
attention must be given to the provision and maintenance of the lowest order roads, both in rural 
and in urban areas. The rail infrastructure for commuter transport will be determined by a 
combination of market needs and social considerations.  
3.2.2. Moving South Africa Project  
The 1996 White Paper addressed the National Transport Policy needed to improve the analyses of 
the abundant experimental information (Walters, 2014).  The strategy was required to detect and 
make key decisions with a 20-year time horizon. Subsequently the Department of Transport set up 
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an approach known as the Moving South Africa (MSA) project. This was intended to establish a 
common vision, clear decisions, and reliable choice standards for all members in the transport 
industry. The MSA project set up an urban commuters’ action agenda, as a way to achieve the 
vision as outlined above and switch from customer-based to commuter-based modal transport 
(Meyer & Miller, 2014). The main thrusts for this were to meet the public transport demand, to 
optimise the utilisation of modes for a given distance and demand and to enhance firm-level 
efficiency to meet the developing needs of customers. This stopped the historic legacy which 
prevented further scattering of development, adequately regulated all suppliers as far as transport 
designs planned by client requirements for local areas and started to authorise customers to request 
better service. 
3.2.3. The National Land Transport Transition Act, 2000 
The National Land Transport Transition Act (Act 22 of 2000) focused mainly on public 
transportation operations. The Act is well-crafted and articulates the policies settled upon in the 
1996 White Paper and the Moving South Africa project in comprehensive legal terms (Hanson, 
2017). The legislation set up principles such as (i) land transport operations have to be integrated 
with land use and economic planning and development corridors; infilling, densification and 
transport planning should guide land use and spatial planning (Letaifa, 2015); (ii) the drivers of 
the provision of land transport infrastructure and land transport planning should be given a higher 
priority than private transport. The Act within the framework of the Republic of South Africa’s 
Constitution therefore aims to build institutions suitable for the effective authorisation of public 
transportation. Presumably the greatest challenge that the Act encountered was the formation of 
structures situated in local government which could oversee public transport in an integrated 
manner across adequately operational transport locales.  
Strategic plans are obligatory to create the transport constituents of the Integrated Development 
Plans needed in terms of the municipal systems Act, 2000 (Letaifa, 2015). For example, in Section 
18 (1), land transportation planning should be integrated with land use and spatial development 
processes. Transport strategies needed for implementation of this legislation are planned to 
operationalise municipal planning outlined in the Schedule 4, part B of the Constitution. These 
should form a critical part of integrated development strategies in terms of relevant sections of the 
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Local Government (Pycroft, 2016). The National Land Transport Transition Act, 2000 aims to 
form instruments for management of the transformation of the public transport division into a more 
effective system, as highlighted in strategies set up by public transport planning structures 
(Walters, 2012). These have to be located within broader integrated strategies which focus on the 
entire transport division within the planning sector. The functioning license plans, and the 
rationalisation strategies are needed for coordinating the events of private operatives with the 
public transport strategies. These strategies are centred on the approach of managed rivalry, which 
comprises taking the minibus taxi industry under more productive regulation (Banister, 2005).  
3.2.4. Public Transport Strategy, (2007-2020) 
The Public Transport Strategy has two key focus areas, namely accelerated modal Upgrading and 
Integrated Rapid Public Transport Networks (Chakwizira & Mashiri, 2015). The Public Transport 
Strategy is a key driver of other strategies developed within the transport sector. The essential 
feature of the Public Transport Strategy (2007-2020) is the phased extension of mode-based 
vehicle recapitalisation integrated rapid public transport networks (Mamabolo & Sebola, 2018). 
These networks comprise an integrated package of rapid rail and bus rapid transit priority 
corridors, especially in major cities such as City of Johannesburg. A further goal for the 
metropolitan cities by 2020 was to achieve a mode shift of 20% of car work trips to public transport 
networks. The Public Transport Strategy has two key thrusts: accelerated modal upgrading and 
integrated rapid public transport networks. “Modal upgrading focuses on the 3-7 year transitional 
period and deals with improving the quality of the public transport fleet and its current operations. 
This includes minibus recapitalisation and Metrorail coach refurbishment” (Pillay & Seedat, 2007: 
403). Modal upgrading, while necessary in the short term is nevertheless insufficient in terms of 
achieving a high-quality service in the medium term.  
Hence the need for Integrated Rapid Public Transport Networks, which focus on a 4-20 year 
period. The Integrated Rapid Public Transport Networks aim to implement high-quality networks 
of car competitive public transport services that are fully integrated, have dedicated right of way 
and are managed and regulated by a capable transport authority (Chakwizira & Mashiri, 2015). 
The longer-term vision until 2020 was to develop a system that places over 85% of a metropolitan 
city’s population within 1 km of an Integrated Rapid Public Transport Network trunk (road and 
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rail) or feeder (road) corridor (Mamabolo & Sebola, 2018). The cities of Tshwane, Johannesburg 
have already implemented their BRT systems: Conversely, the City of Johannesburg have 
implemented their Phase 1 and 2, currently completing its Phase 3 of the its Rea Vaya BRT. Nelson 
Mandela have implemented a bus priority system that is not a full BRT system; eThekwini focused 
more on its inner-city services and developed the North South Priority Rail Corridor and its feeder 
systems.   
3.2.5. National Non-Motorised Transport Policy, 2008 
The Non-Motorised Transport Policy is one of the Department of Transport’s interventions 
towards reversing challenges of accessibility and mobility. These are efforts to include and 
formalise Non-Motorised Transport within Integrated transport System. The primary objectives of 
the Non-Motorised Transport policy are to increase the role of Non-Motorised Transport as one of 
the key transport mode, integrate Non-Motorised Transport as an essential element of public 
transport and provide a safe Non-Motorised Transport infrastructure and allocate adequate and 
sustainable funding for the development and promotion of Non-Motorised Transport (Mokitimi & 
Vanderschuren, 2017; Baufeldt, 2016; Jennings, 2015). This policy has been developed to cater 
for the broader spectrum of population by providing alternative transport odes such as Cycling, 
Animal Drawn Transport and Walking. Thus, through this policy, the department would intervene 
towards addressing challenges of accessibility and mobility and eventually putting Non-Motorised 
Transport as a recognised mode of transport.  
In terms of planning, the policy requires that Non-Motorised Transport plans must be developed 
and integrated into the Provincial Land Transport Framework (PLTF), as well as in the Integrated 
Transport Plans of Local Government (Okoro & Musonda, 2019). “The policy also prescribes 
institutional arrangements, governance, regulatory and legislation aspects of Non-Motorised 
Transport. The policy also emphasises the need to provide infrastructure and the development of 
the Non-Motorised Transport infrastructure and facility guidelines. Further, it makes a 
recommendation for capacitating of local government by national and provincial Department of 
Transport” (Risimati & Gumbo, 2019: 229). The policy prescribes the need to provide criteria for 
funding the implementation of the policy. It also ensures that Non-Motorised Transport plays a 
role in economic development, poverty alleviation and empowerment of the marginalised groups. 
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The policy prescribes the need to train Non-Motorised Transport drivers and operators and 
performance of safety audits as way to promote safety. The impact of Non-Motorised Transport 
on the environment is addressed by the need to respond to environmentally suitable animal 
transportation. In addition, the policy prescribes the need to promote Non-Motorised Transport as 
a feeder mode to other mode of transport. 
3.2.6. The National Land Transport Act, 2009 
The National Land Transport Act, 2000 focused mainly on further the process of transformation 
and restructuring the national land transport system initiated by the National Land Transport Act 
and to provide for meters connected therewith (Hanson, 2017). The Act give effect to national 
policy; and to prescribe national principles, guidelines, requirements, frameworks and national 
norms and standards that must be applied uniformly in the provinces and to consolidate land 
transport functions and locate them in the appropriate sphere of government.  The National Land 
Transport Act 5 of 2009 (NLTA) regulates and monitors the transportation of public passengers 
for reward.  In fact, the Act aims to form instruments for management of the transformation of the 
public transport division into a more effective system, as highlighted in strategies set up by the 
National Land Transport Transition Act, 2000 (Department of Transport, 2014).    
3.2.7. National Land Transport Strategic Framework (NLTSF), 2015  
The National Land Transport Strategic Framework (NLTSF) is not a Transport Strategy or a 
Transport plan; rather it is a framework for Transport Planning effectively for all tiers of 
Government. It sets the overarching vision, goals and objectives for each element of the transport 
system which would be reflected in the Provincial Land Transport Frameworks (PLTFs) and 
Integrated Transport Plans (ITPs) (Department of Transport, 2014).  It embodies the overarching, 
national five-year (2015 to 2020) land transport strategy, which gives guidance on transport 
planning and land transport delivery by national government, provinces and municipalities for this 
period (Letaifa, 2015). The recent development in the transport environment at national, provincial 
and local level as well as the new strategic objective of the current administration dictates the 
proposed review and update of the NLTSF. The development of the NLTA of 2009 and its related 
legal requirements need to be considered in the review and update of the Framework (Pycroft, 
2016). These include the Public Transport Strategy and the Action Plan, the approval of the 
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National Development Plan (NDP) by government, the Draft scholar transport policy, the National 
Transport Master Plan 2050 (NATMAP) which is currently under review, the strategic imperatives 
of the current administration that might have an impact on the development of the NLTSF five 
year horizon and many other developments in the transport environment.  
The NLTSF sets out strategic priorities to apply transport planning in achieving social, health, 
economic and environmental outcomes. The identified strategic priorities and outcomes link the 
Framework to the NDP, NATMAP, provincial transport and spatial planning, and broader 
strategies and plans at Local Government level. The purpose of the NLTSF is to serve as a five-
year framework for integrated land use transport planning. It will serve as an enabler of land use 
and transport planning aspects as guided by the National Development Plan (NDP) 2030. The 
NLTSF will also provide the guiding principles leading to integration of the various modes of land 
transport within the planning context of the NDP. It will support wider relevant national legislation 
and policy, provide clarity and certainty about the transport planning priorities. This will enable 
effective decision-making about programmes and initiatives at all levels of government and align 
transport to sustainable development (Department of Transport, 2014). The overall vision of the 
NLTSF is thus to create an integrated and efficient transport system supporting a thriving economy 
that promotes sustainable economic growth, provides safe and accessible mobility options, socially 
includes all communities and preserves the environment. 
3.2.8. National rail policy green paper was launched in 2015 
The 2015 National Rail Policy Green paper provides guidelines that are meant to move 
development. The main emphasis of this is renewal of the current rail sector to perform optimally, 
satisfy stakeholders’ needs effectively and contribute definitely towards socio-economic 
development in South Africa. The apartheid administration in South Africa significantly impacted 
rail sector development, and together with a variety of factors led to a railway sector which 
currently experiences major challenges (Letaifa, 2015). According to the Ministry of Transport 
(2014:26), “Recent challenges comprise of aging, obsolete or deteriorating government of much 
of the rail infrastructure and rolling stock, a capital investment backlog and a need for investment 
funds, and a preference by logistic transport service providers to transport freight by road rather 
than rail. There also exists the preference by long distance passengers to travel by road rather by 
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rail, poor rail security for both passenger and freight, inefficient rail operations and shortage of 
technical skills and experience within the rail sector”. Over the past 2 decades of under-
maintaining and overloading rail infrastructure, the situation of the traditional commuter rolling 
stock has worsened to crisis levels and is incapable to satisfy commuter demands. At the same 
time, the rail network infrastructure was unable to meet the demands of a fast transforming society. 
The Passenger Rail Agency of South Africa was introduced in 2009 to consolidate the rail 
commuters of Shosholoza and Metrorail.  
Lack of regulation of road freight during 1988 led to substantial amounts of high-value density 
freight on the main network moving from rail to road in the 1990s. In the 2000s, lack of investment 
and competitiveness by Transnet Freight Rail led to road haulers organising side tipper interlinks 
to intrude on the last mainstay of freight rail, hauling of heavy loads commodities for long distance 
such as grain, ore and coal (Hanson et al., 2017). Generally, by 2015, railway use in South Africa 
had declined to a level where the necessity to adjust to rail’s global revitalisation had become 
obvious to the majority of stakeholders (National Rail Policy, 2015). From 2012, Transnet has 
however been investing in new locomotives and rail infrastructure. Two optimistic steps were the 
setting up of the Railway Safety Regulatory and the establishment of the Gautrain Rapid Rail 
Links as a public private partnership with an agreement between the Bombela Concession 
Company and the Gauteng Provincial Government. Gautrain launched for service in May 2010, 
in time for the anticipated large volumes of commuters expected at the FIFA soccer World cup. 
3.2.9. The 2017 Revised White Paper on National Transport Policy  
Transportation plays a critical function in the social and economic development of any country, 
and the National Government of the Republic of South Africa has recognised transport as one of 
its priority areas for socio-economic development. The efficiency of the role played by transport 
is to a great extent dictated by the soundness of the transport policy and the strategies utilised in 
implementing it.  The policies in the revised White Paper on National Transport Policy are thus 
the result of a broad public policy making process. The revised White Paper strove to address the 
challenges of poverty, unemployment and inequality through a more effective and efficient 
transport system. The white paper identified the need for a pro-active approach to support the goals 
of the prevailing National Development Plan 2030, the National Infrastructure Plan and 
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Government’s Programme of Action. It highlighted the necessity to improve the safety, security, 
reliability, quality, and speed of transporting goods and people and to improve South Africa's 
competitiveness and that of its transport infrastructure and operations. This could be achieved by 
reducing the cost of doing business and investing in infrastructure or transport systems in ways 
that satisfy social, economic or strategic investment criteria. The above objectives should be 
realised in a manner that is economically and environmentally sustainable and minimises negative 
side effects through developing strategies to attain these policy goals. 
3.2.10.  National Spatial Development Framework (NSDF), 2018 
The National Spatial Development Framework (NSDF) seeks to make a decisive contribution to 
bringing about a peaceful, prosperous and truly transformed South Africa, as articulated in the 
Freedom Charter, the Reconstruction and Development Programme and the National Development 
Plan. It does so in full recognition of the stranglehold that the unjust national spatial development 
paradigms of the past have placed on many attempts to deal with poverty, unemployment and 
inequality. South Africa has learned valuable and hard lessons over the last twenty-six years in the 
pursuit of national reconstruction, inclusive economic growth and spatial transformation. The 
necessity has been realised for decisive state action in national space to drive our country towards 
the shared, inclusive and sustainable future we desire and require (Gauteng Government, 2018). 
The National Spatial Development Frame and ‘set of NSDF Sub-frames’ set out and provide a 
guiding framework to achieve the desired future National Spatial Development Pattern for South 
Africa in 2050. In line with the purpose and role of the NSDF, as outlined in Part One, these frames 
provide a national spatial schema to guide all future infrastructure investment and development 
spending decisions by government and the private sector. These will (1) optimise place-based 
potentials and spatial interdependencies, and (2) realise the 2050-National Spatial Development 
Vision and our core national development objectives. They will enable identification of a carefully 
chosen distinct set of nationally significant places, connectors and areas in and around which to 
align, integrate and coordinate investment by the private sector and all three spheres of 
government. This will be significant for them when they prepare (1) area/place-based provincial, 
regional and municipal SDFs, and (2) sector-specific and macro-infrastructure national and SADC 
focused investment plans. Such a framework will promote the integration of transport and land use 
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planning, which is essential to the achievement of sustainable development (Gauteng Government, 
2018).  
3.2.11.  National Transport Master Plan 2050  
The National Transport Master Plan 2050 (NATMAP 2050) was commissioned in 2005, 
developed from 2007 and finalised in 2010/11 (Dawood & Mokonyama, 2014). The NATMAP 
2050 Vision reinforces transport as the heartbeat of the economy and the fabric of the country’s 
socio-economic development as well as its alignment with key policy, legislation and planning 
frameworks recently developed. The primary goal of the NATMAP 2050 is the development of an 
integrated, dynamic, sustainable framework for transport infrastructure and services provision in 
South Africa. The aim of this NATMAP 2050 synopsis is to revise data contained in the NATMAP 
2050. It will help to align the plan with the NDP 2030, the government’s Medium-Term 
Expenditure Framework (MTEF) and Medium-Term Strategic Framework (MTSF 2014–2019) as 
well as other government strategies and initiatives since 2007 (Walters, 2014). 
“The NATMAP 2050, therefore, aims to achieve well planned, integrated and aligned transport  
sectors; responsive to growing passenger and freight customer needs; supports an inclusive spatial 
vision; well maintained and preserved and further developed to address or overcome 
developmental challenges; Supports economic competitiveness through seamless multimodal 
trade corridors; offers safe, affordable and accessible modal options for commuters; Preserves the 
environment; managed by strong institutions; supported through effective policy and regulation; 
innovative/adaptive and reflects emerging priorities; sustainably funded; and effectively 
implemented through accountable delivery mechanisms” (Dawood & Mokonyama, 2014:33). 
Transportation and related cost-effective infrastructure facilities are prerequisites for the socio-
economic development of South Africa. Transport is considered the heartbeat of the nation’s 
economy; it stimulates socio-economic development and poverty alleviation through wealth 
creation and provides access to regional and global economies. The NATMAP 2050 is the result 
of a thorough process involving technical appraisals made on the back of detailed economic, socio-
economic, political, institutional, and transportation data analyses, supported by a comprehensive 
consultative process with a broad spectrum of stakeholders (Walters, 2012). The NATMAP 2050 
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is fully aligned with the current administration’s MTSF, the NDP 2030’s principles and other 
strategic plans. This will ensure that a collaborative vision is achieved that will improve the daily 
lives of all South Africans. Achieving the NATMAP 2050 vision will ensure continued and 
sustainable development of spatial planning and growth matched to developmental, transformative 
and demand driven capacity supply. 
3.2.12. Green Transport Strategy (GTS) (2018-2050) 
Green Transport Strategy (GTS), which aims to minimise the adverse impact of transport on the 
environment, while addressing current and future transport demands (Staš et al., 2015). This is 
underpinned by sustainable development principles. The strategy will promote green mobility to 
ensure that the transport sector supports the achievement of green economic growth targets and 
the protection of the environment. It is the cornerstone of policy development within the transport 
sector for the lowering of Greenhouse Gas (GHG) emissions, the contribution of transport to the 
green economy, the promotion of green sustainable mobility and the uptake of cleaner and more 
efficient technologies (Chakwizira & Mashiri, 2015). The Strategy serves as a guide for the 
Department of Transport to implement a basket of measures that will significantly reduce GHG 
emissions produced by the transport sector; reduce the environmental and human health impacts 
associated with the transport sector, resulting in a more resilient sector. The GTS identifies and 
proposes key measures to facilitate the modal shift from road to rail, private to public transport, 
and promotes cleaner vehicle technologies. It is also important to promote non-motorised transport 
and develop the associated infrastructure to support this. The GTS is informed by the fundamental 
and substantive principles of sustainable development articulated in the National Strategy for 
Sustainable Development, as approved by the Cabinet in 2011 (Posada, & Isenstadt, 2012). 
The GTS focuses on priority measures that will contribute most to a radical shift in South Africa’s 
transport emissions profile. The corollary effects of full implementation will be safer, more reliable 
and cheaper transport options for the majority of South Africans. “It is a recommendation of this 
strategy that ‘all future investments in the transport sector should be informed by the vision, 
guiding principles, and strategic objectives of the GTS’, while strategically involving youth in the 
planning and design of future models, through institutions of learning and regular engagements” 
(Staš et al., 2015:18). The IUDF and NSDF present the spatial development vision for the country, 
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thus giving direction as to where development and infrastructure investment is/ and or will be 
concentrated. The IUDF emphasizes the importance of urbanization and space, therefor the IUDF 
seeks to unlock the potential of urban areas by implementing interventions that augment the spatial 
transformative, economic growth, poverty alleviation and inclusive impacts of urbanization 
(Chakwizira & Mashiri, 2015). In order to help achieve this, the GTS has created a platform to 
incorporate and unpack the following policy levers of the IUDF, such as: integrated urban planning 
and management; integrated transportation and mobility; integrated and sustainable human 
settlements; integrated urban infrastructure; and efficient land governance and management 
systems. “The GTS also locate and relate initiatives in Municipal Spatial Development 
Frameworks required interns of the Spatial Planning and Land Use Management Act, Act 16 of 
2013. Currently the GTS ought to cite the BRT systems as not only a means to achieve modal 
shifts, but also to realise spatial transformation and economic growth. Here the bottom up and top 
down processes that ensures mutual reinforcement of local and national policies is critical” 
(Risimati & Gumbo, 2019: 226). The roles of provinces and municipalities in ensuring that the 
GTS is incorporated into spatial plans, land use schemes and related policies must be emphasised 
and vice versa. In terms of the GTS, the modal shifts to rail and away from private vehicle use are 
premised on integrated transit and feeder systems that make far greater use of public transport and 
non-motorised transport. 
3.2.13. The Spatial Planning and Land Use Management Act 16 of 2013 (SPLUMA)  
The Spatial Planning and Land Use Management Act, 2013 (SPLUMA) came into effect on 01 
July 2015. It is a framework act for all spatial planning and land use management legislation in 
South Africa (Hersperger et al., 2018; Dlamini & Musakwa, 2014). The legislation seeks to 
promote consistency and uniformity in procedures and decision-making related to the spatial 
planning environment across the country, and across all spheres of government (Schoeman, 2015). 
SPLUMA provides a new framework to govern planning permissions and approvals. It sets 
parameters for new development and lawful land uses in South Africa. SPLUMA is a framework 
law, which means that the law stipulates processes and provides broad principles that underpin 
spatial planning decisions by local and provincial authorities. 
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The Act further provides a host of development principles, which apply to spatial planning, land 
development and land use management. These are: 
o The principle of spatial justice: to address the past spatial and other development 
imbalances through improved access to and use of land. 
o Spatial sustainability: to foster spatial planning and land use management systems to 
promote the principles of socio-economic and environmental sustainability 
o Efficiency: to ensure land development optimise the use of existing resources and the 
accompanying infrastructure. 
o Spatial resilience: securing communities and livelihoods from spatial dimensions of socio-
economic and environmental shocks through mitigation and adaptability that is 
accommodated by flexibility in spatial plans, policies and land use management systems.  
o Good administration: all spheres of government must ensure an integrated approach to land 
use and land development and all departments must provide their sector inputs and comply 
with prescribed requirements during the preparation or amendment of SDFs. 
3.3.  POLICY FRAMEWORKS DERIVING MOBILITY INNOVATIONS IN CITY OF 
JOHANNESBURG  
It is evident that the South African government has made a priority of improving transport systems 
through mega investment and strategic policy instruments. Prim (2016) observes that the South 
African urban public transport system has reached a crucial stage, with major cities (supported by 
national and provincial governments) already geared up to the implementation of innovative public 
transport infrastructure. South African metropolitan cities such as Johannesburg seem to be the 
ones at the centre of innovative transport systems initiatives, while other cities and towns have 
lagged. This is understandable, given the population concentration and major economic activities 
in metropolitan cities. The Gauteng province and the City of Johannesburg’s specific policy 
interventions for mobility innovations to its transport infrastructure are discussed in the next 
section of the chapter. These helped to identify perspectives and methods of facilitating the 
planning, development and management of enhanced transport systems in Johannesburg.  
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3.3.1. Gauteng 25 Year-Integrated Transport Master Plan, 2013 
National, provincial and local government in South Africa all fund public transport infrastructure 
projects in line with their competency areas and core mandates. For Gauteng Province, central to 
the public transport infrastructure is the Gauteng 25-year ITMP. This provides policy directives 
and maps out the Gauteng public transport network that will respond to the future challenges of 
spatial segregation and socio-economic disparities (Gauteng Government, 2013). The Gauteng 
ITMP 25 was derived from all existing transport plans across the Gauteng Metropolitan Region, 
with the Department of Roads and Transport being tasked with the responsibility of managing the 
implementation processes of the said plan.  The Gauteng Metropolitan Region as the economic 
hub of South Africa, is facing an ever-growing demand for well-integrated public transport 
systems. The Integrated Master Plan therefore pursues numerous objectives through the 
implementation of many approaches. Amongst these are efficient urban public transport systems 
which are thriving and are integrated to promote their ridership with reduced reliance on private 
transport modes (Letaifa, 2015). This has led to a rise in BRT systems such as Rea Vaya in the 
City of Johannesburg, Are Yeng in the City of Tshwane, and the High- speed railway (The 
Gautrain).  
The main objective of the 25-year ITMP is to provide a world class holistic mobility system which 
will be the mainstay of the social, economic, environmental and cultural objectives of Gauteng. 
Furthermore, the Master plan will establish a mobility system for Gauteng Province that will be 
viable and also lead to skills development, better quality of life and sustainable job creation. The 
ITMP has to enable the Gauteng Province Department of Roads and Transport to plan, develop 
and regulate an efficient mobility system which will be secure, safe and environmentally viable. 
The Plan has to support the full implementation of the policy within the next 25 years. The Master 
plan must be pro-active in redressing these goals and reinforcing Gauteng City Region 
development. Therefore, it has several fundamental projects which have to be realised in the near 
future (Kourtit & Nijkamp, 2012). These crucial initiatives constitute the five-Year Gauteng 
Transport Implementation Plan that is being considered by the Gauteng Department of Roads and 
Transport. Also, these key initiatives of ITMP 25 were based results of a survey and assessment 
of all approved mobility plans appropriate to the Gauteng City Region and represent inputs of 
stakeholders in workshops on mobility matters.  
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3.3.2. Gauteng Rail Strategic Plan, 2012 
The Passenger Rail Agency of South Africa (PRASA) completed a National Strategic Plan as well 
as a Gauteng Regional Strategic Plan in December 2012, to guide all future investment in the rail 
system to 2050. Its stated goal is to upgrade the existing rail network in high-volume corridors so 
that it can play a key role in transit-oriented development in the city and act as a quality mass 
carrier. Rail is also proposed by the newly drafted Gauteng Integrated 25 Year Transport Master 
plan as the future backbone for urban development in Gauteng. The interventions will consist of 
new upgraded rolling stock (more seating and standing capacity); new facilities at stations, 
including platforms, upgraded ticketing and security systems. Additional tracks will be built on 
certain sections to alleviate bottlenecks in the wider network; increase frequency and speed on 
certain sections and improve modal interchange facilities at key stations to increase catchment 
area. 
The interventions outlined in the Gauteng Rail Strategic Plan include purchasing new rolling stock, 
to replace the life-expired current fleet; developing the off-peak market by increasing services and 
using discounts so as to increase ridership and reduce the extreme peak travel figures They will ; 
introduce new security facilities at stations; a regular-interval, standard-hour timetable and 
improve modal interchange facilities at key stations to increase catchment area. Infrastructure 
upgrades will improve the network and asset resilience and support timetable and capacity 
enhancements. These will include line-speed improvements such as construction of additional bay 
platforms including Naledi. Additional tracks will be built on certain corridors such as four-
tracking between Knights and Germiston to alleviate bottlenecks on the main line, and 
capacity/junction and line-speed improvements at various locations. 
3.3.3. City of Johannesburg Integrated Transport Plan (ITP), 2013 
The City of Johannesburg developed its Integrated Transport Plan (ITP) in August 2013. This aims 
to inform how public transport infrastructure and service will develop within the City of 
Johannesburg (Letaifa, 2015). As strongly recommended by the Integrated Transport Plan, 
Johannesburg developed the Strategic Public Transport Network (SPTN) for both concepts of 
operation and network. The SPTN recognised the main public transport integrations that were 
required. This intended promoting a multi-nodal city form and compact city concept. It was 
57 
 
achieved by giving a clear public mobility ‘grid’ of intensive, high-recurrence public mobility 
routes integrating main high-density hubs and highly populated residential spaces. On the grid 
form, every important destination can be accessed through the public mobility system. This is 
achieved through the inclusive continuity of integrations it structures as a framework of public 
mobility routes. These extend to about 325 km in total length, interfacing 45 or so improvement 
hubs in the City along major mobility spines. 
Operationally, dedicated lanes were anticipated on public transport intersections for the specific 
use of minibus-taxis and other transport. Only a few terminals were proposed at the points where 
the routes are integrated, for example at the route starts, at smaller commuters’ amenities along the 
routes, and where commuters could change from one mode to another (Walters, 2014). Ride 
facilities and stations were also proposed which were focused at nodes on the SPTN in places of 
high private automobile ownership.  Johannesburg’s Integrated Transport Plan promotes 
commuter cycling as well as related investment in cycling infrastructure. It calls for bike-share as 
a means for increasing the availability of bicycles. Cities around the world introduce bike-share 
for a variety of reasons: London for instance, sought to reduce overcrowding on public transport 
while Mexico City aimed to alleviate congestion on roadways. The origin bike-share program 
introduced in Amsterdam in 1965 was motivated by staunch opposition to consumerism, but today 
the scheme is financed through corporate sponsorship. For Johannesburg, bike-share is driven by 
a pro-poor post-apartheid agenda of spatial transformation and sustainable development.  
3.3.4. City of Johannesburg Strategic Integrated Transport Plan Framework, 2013 
The Strategic Integrated Transport Framework is the first component that has been developed to 
support the current operational City of Johannesburg Integrated Transport Plan. The ITP unpacks 
the status quo and provides an overview of some of the significant developments and deficiencies 
over the last ten years, while drawing out the City’s goals for its mobility system framework and 
the approaches by which it aims to achieve them. Outcomes and indicators which will be utilised 
to assess Johannesburg’s performance are set out, together with measures for mobility 
infrastructure and public transport benefits that can be anticipated by the public. A high level, 
spatial network is established which demonstrates the fundamental routes and corridors for public 
transport, cycling, and walking.  The City of Johannesburg Strategic Framework has been 
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developed to be consistent with current government policies and objectives, with the vision of a 
people-centred transport.  
The Transport Department of the City of Johannesburg has developed this Strategic Framework 
and bears the main responsibility for implementing the planning, policy development, project 
implementation and services. It is must provide infrastructure and services that support walking, 
cycling and public transport, for fostering behavioural change to improve road safety, and for 
enabling mobility. The City of Johannesburg Integrated Transport Plan Framework includes a 
public transport mode decision matrix which provides guidelines in assessing the role of each 
mode of transport in possible future transport systems. Given the need for a high-quality public 
transport service in the area, especially in terms of level of service, it is proposed that the route be 
classified as a BRT feeder route. The demand for commuter transport is the determining factor in 
terms of the mode of public transport service. Increased future demands as a result of the strategic 
densification in the City of Johannesburg could potentially necessitate a higher order public 
transport service.  
3.3.5. Johannesburg 2040 Growth and development Strategy (GDS)  
The City of Joburg developed its first Growth and Development Strategy (GDS) in 2006 as an 
articulation of its long-term development path. This also serves as the conceptual foundation for 
the five-year Integrated Development Plan. A review was initiated with the new political term of 
office in 2011, resulting in a refined Joburg 2040 GDS which was approved on 20 October 2011. 
This strategy outlines the City’s vision, mission, principles, outcomes and long-term outputs and 
indicators. It is not a statutory plan, but rather it provides a set of defined strategic directions that 
frame the other medium-term plans for the infrastructure, housing and transportation sectors. It 
has become a fundamental, strategic, decision-making instrument for the City, a long-term 
thinking model that has been incrementally shaped over time, precisely to ensure that the City’s 
hopes are realised. The GDS encapsulates the City’s long-term perspective on urban development 
into succinct outputs aimed specifically at achieving smart and inclusive growth by 2040, thus 
effectively establishing Joburg as world class in its development approach.  
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The primary output defined by the Joburg 2040 GDS is ‘eco-mobility’. This refers to 
environmentally sustainable and socially inclusive ways of local mobility, combining the use of 
NMT means such as walking, cycling and wheeling, with the use of public transport and light 
electric vehicles powered by renewable energy resources. The Transport Department has 
determined the promotion of public transport, walking and cycling and transport infrastructure and 
movement as its two long term outputs. The GDS 2040 envisages a city characterised by social 
inclusivity and enhanced social cohesion using widespread use of public transport. The National 
Development Plan has also noted that public transport and NMT modes “may foster a different 
culture” in that they encourage social interaction, healthy practices and street-level movement, 
which create a sense of space and social inclusion that South Africa needs”. Accordingly, GDS, 
transport nodes should be regarded as key areas for local economic development with planning 
taking economic development factors and interests of prospective investors into consideration. In 
addition, The Joburg 2040 GDS also lays extensive emphasis on spatial restructuring as a key to a 
better functioning city. It determines that bringing people closer to jobs, markets, social networks 
and other opportunities requires improved mobility but also integration through mixed settlements 
and the creation of spaces that encourage interaction. The location of new housing is key to 
inclusion and equitable access in the city. Delivery should therefore be close to places of work and 
transport nodes and corridors.  
3.3.6. City of Johannesburg Spatial Development Framework 2040  
The vision of the Spatial Development Framework (2040) for Johannesburg is a compact 
polycentric city with a dense urban core linked by efficient public transport networks to dense, 
mixed use, complimentary sub-centres, situated within a protected and integrated natural 
environment. This vision is based on a modelling exercise testing three development scenarios, 
each hypothesising the growth of Johannesburg from 4.3 million to 7 million people by 2040. The 
first model describes a ‘business-as usual’ scenario with dispersed, sprawled growth. The second 
describes a ‘linear development’ scenario, where future developments occurs along an expansive 
transport network (corridor development) linking all marginalised areas of the city, through vast 
development corridors to the inner city. The third scenario is a compact polycentric model which 
concentrates growth in a compact urban core and around priority transformation areas and key 
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urban and transit-oriented nodes. The compact polycentric city model performed significantly 
better than the other two in terms of economic, environmental and social indicators.  
The City’s Spatial Development Framework advocates investment in mass public transport 
systems as a key lever of spatial transformation and inclusive access to the city. It has aimed to 
attract new developments around public transport infrastructure, especially higher density 
residential uses. It initially focused on the two flagship corridors in the SPTN as key areas to which 
to attract new and denser development. The SDF is supported by the Growth Management 
Strategy, development strategies, the density policy, and the Capital Investment Framework. The 
SDF itself comprises also Regional SDFs and Precinct Plans and Urban Development Frameworks 
(UDFs) at a more fine-grained level. UDFs have been developed for the Gautrain, Rea Vaya and 
the Metrorail precincts as well as for the marginalised areas of the City, namely Alexandra, 
Diepsloot, Ivory Park, Orange Farm and Soweto.  
The City of Johannesburg presently displays the inverse of this polycentric urban model, with 
separated land uses and people living far from work opportunities. The metropolitan core does not 
perform as the strong, structuring centre which it should be. Furthermore, high density residential 
areas (the ‘townships’) are separated from urban economic centres and movement structures of the 
city. This pattern of development results in high social, economic and environmental costs. Thus, 
City’s Spatial Development Framework proposed a shift to a more efficient and inclusive urban 
logic of compact polycentricity surrounded by mixed nodes of various intensities connected by 
effective public transport and a more logical and efficient density gradient radiating outward from 
cores. 
3.4.  CHAPTER CONCLUSION  
The chapter has discussed transport infrastructure investments and policy interventions in South 
Africa. It reviewed the developments in policies and legislative governing public transport since 
the advent of democracy in 1994. The chapter further discussed the Gauteng province and City of 
Johannesburg’s specific policy interventions driving envisioned mobility innovations in the 




OPERATIONALISING THE RESEARCH   
4.1.  INTRODUCTION 
This study adopted a mixed-method approach which consisted of a case study research design that 
involved an empirical enquiry using spatial and qualitative methods of data collection and analysis. 
The study unveiled the extent of spatial integration of transport infrastructure and proposed a 
holistic urban mobility planning and designs framework to promote more options, more efficient, 
more reliable, more attractive and better quality of travel. The approach of the study required 
spatial data of urban public transport infrastructures (Gautrain, Rea Vaya, Metrorail and 
Metrobus) from their service providers (Gautrain Management Agency; PRASA; and City of 
Johannesburg). Crowd-sourced datasets were derived from the geolocation based mobile 
application Strava Metro to visualise spatial and temporal coverage of non-motorised transport 
patterns, trends and distributions in the City of Johannesburg. The qualitative method employed 
data from key informant interviews and community social mapping. Accordingly, this chapter 
clearly presents the research design, research approaches, data collection instruments and data 
analysis tools used when investigating the four (4) set research questions. The chapter further 
outlines the validation of the study results model and the limitations as well as its challenges.  
4.2.  RESEARCH DESIGN  
A research design is a road map for steering the research whilst controlling elements that may 
hinder the validity of the results (Abbott & McKinney, 2013). The research design establishes the 
blueprint of the study from onset to conclusion (Tetnowski, 2015). It also allows the researcher to 
approach data collection in a manner that will enable logical unpacking of the research problem 
by specifying the type of information essential for the analysis of the main subject(s) being studied. 
This study used a case study research design that involved an empirical enquiry to unveil the extent 
of spatial integration of transport infrastructure within the City of Johannesburg. The case study 
research strategy involves an empirical enquiry of complex social phenomena within a real-life 
context which borrows some aspects of qualitative and quantitative approaches. This approach was 
used to formulate the study problem for comprehensive investigation, and to gather complete and 
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accurate information. It was based on an empirical enquiry and analysis of existing transport 
infrastructure, policy directives, spatial vision and mobility innovations envisioned; for instance, 
the planning and development practices within the City of Johannesburg transport systems. The 
case study explored the theoretical framework of the study while providing an overview of 
transport planning and designs as well as highlighting spatial integration of transport systems. It 
also synthesized transport infrastructure integration and systems for the developed world, 
transitional market countries and the developing world as well as South Africa. Accordingly, the 
research design was structured in accordance with the main-research question and sub-questions 
which were aligned to the study objectives to achieve the aim of the study within the scope of the 
defined objectives.  
4.3.  RESEARCH APPROACHES 
Bray et al. (2014) describe the research approach as the strategy of inquiry which links the 
fundamental assumptions to data collection whilst still remaining within the scope of the research 
design.  The commonly used research approaches are qualitative and quantitative; the two 
approaches can either be viewed, depending on how the researcher interprets the phenomenon. 
This will determine whether statistics alone can best interpret the worldly phenomenon or whether 
a socio-economic viewpoint represents a more realistic interpretation. This study adopted a mixed-
method approach which consisted of spatial and qualitative approaches to data collection and 
analysis to achieve the aim and four (4) objectives of the study. Mixed-method approaches are 
viewed as preferable in implementation research because they provide a better understanding of 
research issues relative to either spatial, qualitative or quantitative approaches (Palinkas et al., 
2011). The spatial approach to the study required spatial data of urban public transport 
infrastructures (Gautrain, Rea Vaya, Metrorail and Metrobus) from their service providers 
(Gautrain Management Agency; PRASA; and City of Johannesburg); and Crowd-sourced datasets 
derived from the geolocation based mobile application Strava Metro were employed to visualise 
spatial and temporal coverage of non-motorised transport patterns, trends and distributions in the 
City of Johannesburg. The qualitative method was based on data from key informant interviews, 
community social mapping and desktop study.  
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4.4.  SAMPLING DESIGN  
To answer the research questions, it is doubtful that any researcher should be able to collect data 
from all cases, thus, there is a need to select a sample. The entire set of cases from which a research 
sample is drawn is called the population (Sharma, 2017). Since researchers neither have time nor 
the resources to analyse the entire population, they apply sampling techniques to reduce the 
number of cases (Taherdoost, 2016). Sampling is a method that allows researchers to infer 
information about a population based on results from a subset of the population, without having to 
investigate every individual (Idarrou & Douzi, 2020; Noushini et al., 2020; Trost, 1986). To ensure 
a comprehensive investigation, and complete and accurate information the study adopted a mixed 
sampling design consisting of purposeful sampling, snowball sampling and spatially balanced 
sampling.  
4.4.1. Purposeful Sampling  
Purposeful sampling is a technique widely used in qualitative research for the identification of 
information-rich cases for the most effective use of limited resources (Patton, 2014). This involves 
identifying and selecting individuals or groups of individuals that are especially knowledgeable 
about a phenomenon of interest (Cresswell & Plano Clark, 2011). Purposeful sampling was useful 
in selection of key participants for interviews from the City of Johannesburg Metropolitan 
Municipality, Johannesburg Roads Agency, Gauteng Department of Roads and Transport, the 
Gautrain Management Agency, the Passenger Rail Agency of South Africa (PRASA) and 
Johannesburg Metropolitan Bus Service. Key informant participants were selected purposefully 
that were especially knowledgeable and experienced in their areas of specialisation about transport 
planning, development and management in the City of Johannesburg. In this study, 13 key 
informant interviews were held with knowledgeable officials from the City of Johannesburg 
Metropolitan Municipality (3 interviews), Gauteng Department of Roads and Transport (2 
Interviews), Gautrain Management Agency (4 interviews), Johannesburg Roads Agency (1 
interview), PRASA (1 interview), and Johannesburg Metropolitan Bus Service (2 interviews).  
Accordingly, this sampling design was a useful way of ensuring that interviews provided 
distinctive accurate and relevant empirical data for the study.   
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4.4.2. Snowball Sampling 
Snowball sampling involves recruitment of the first few participants who then recommend other 
subjects they know of who fit the description of the sample needed (Saab et al., 2017).  This referral 
technique goes on and on, increasing the size of the participants sample like a snowball rolling 
down a hill, until the researcher has sufficient data to analyse (TenHouten, 2017; Marcus., 2017; 
Etikan et al., 2016). Snowball sampling is a convenience sampling method which is applied when 
it is difficult to access subjects with the target characteristics (Naderifar et al., 2017). The existing 
study subjects recruit future subjects from among their acquaintances. Sampling continues until 
data saturation.  In this study, the snowball sampling technique was central in the sampling of 
participants during the community social mapping to recruit transport infrastructure users in 
Johannesburg. The researcher asked the first few participants who were selected via convenience 
sampling; and these first participants recruited other participants with similar views or situations. 
Participation was sought from cyclists, pedestrians, and urban public transport commuters in the 
City of Johannesburg.  
The snowball sampling not only took little time but also provided the researcher with the 
opportunity to communicate with the participants, as they were acquaintances of the first sample. 
This sampling technique allowed for the collection of qualitative information, whilst engaging a 
number of participants in an informal group discussion. Participants were able to interact as a 
group, discuss and debate key elements and issues of their modes of transport.  Informal group 
discussions were audio recorded; participants were made aware that informal group discussions 
were kept anonymous and would be used for the research process only. During the process 
observational studies were even made into the status quo of transport infrastructure. Photographic 
and note-based records were kept through capturing images and recording information during 
observations. 
4.4.3. Spatially Balanced Sampling  
Spatially balanced sampling is a relatively new approach to develop survey designs that is useful 
for natural resource researchers (Foster., 2020; Brown et al., 2015; Theobald et al., 2007). The 
spatially balanced sampling approach generates a survey design that is probability based and 
spatially well balanced. It is a survey design where every sample has a spatial pattern that ‘mimics’ 
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the spatial patterns of the population. The use of the spatially balanced sampling technique thus 
allowed for the accurate collection of spatial data for this study. It was useful in selection of crowd-
sourced datasets derived from the geolocation based Strava Metro mobile application for the City 
of Johannesburg to illustrate balanced spatial and temporal coverage of cycling. Strava Metro has 
three licenses, namely: (a) Streets, (2) Nodes and (3) Origins and destinations licences. The City 
of Johannesburg currently does not have any information on cycling patterns; thus, the Strava 
Metro was a suitable source of data for providing such information.  Accordingly, the origination 
and Destination license was obtained which enabled recording of the start and end of cycling 
polygon activities. This technique was also used to sample urban public transport modes 
infrastructural spatial data from the Gautrain Management Agency, PRASA and Johannesburg 
Metropolitan Bus Service. These data helped to visualise the spatial trends and stations locations 
to inform analysis and discussion on spatial patterns and infrastructure connectivity of urban public 
transport systems.   
4.5.  DATA COLLECTION  
In this study, primary and secondary data were used. The primary data was collected through key 
informant interviews, community social mapping and observational studies.  Secondary data was 
collected through a desktop study. Urban public transport infrastructure data was collected from 
urban public transportation service providers during the interviews in shapefile format; whilst 
Strava datasets for cycling patterns, trends and distributions in the City of Johannesburg for the 
year 2019 were derived from the geolocation based mobile application Strava Metro.  
4.5.1. Primary Data 
4.5.1.1.  Key informant Interviews 
The key informant interviews were semi-structured, using open-ended questions to guide the 
conversations. Interviews were guided by the main research question and sub-questions as well as 
the objectives of the study. The interviews were used to unpack the polices that guide transport 
infrastructure planning and development targets in line with realities, needs, expectations and 
presences of current and potential users of transport infrastructure within the City of Johannesburg. 
The interviews were held with officials from the City of Johannesburg Metropolitan Municipality, 
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Johannesburg Roads Agency (JRA), Gauteng Department of Roads and Transport (Gautrans), 
Gautrain Management Agency (GMA), Passenger Rail Agency of South Africa (PRASA), and 
Johannesburg Metropolitan Bus Service. These interviews enabled accurate information to be 
obtained about the extent of spatial integration of transport infrastructure and trace the envisioned 
mobility innovations within the City.    
The key informant interviews were useful in making sense of behaviour without mandating 
categorisation which would limit the scope of inquiry. They were relatively formal, taking the 
format of face-to-face discussions at their places of work. This methodology is a useful way of 
getting to grips with people’s constructs, mentalities, perceptions and definitions of situations and 
realities. The interviews provided distinctive empirical data, and understandings were compared 
to the empirical data gathered from other sources.  The interviews were also used to gain better 
understanding of the lived experiences of the commuters using the studied modes of public 
transport and non-motorised transport. Interviews were recorded on a smartphone with the 
permission of the interviewee.  
4.5.1.2.  Community Social Mapping and Observational studies  
Community social mapping as the interaction of social process, landmarks and interactions within 
the communities was used to collect data for this study. Social mapping involved asking non-
motorised transport users and urban public transport commuters to plot how they feel about their 
mode of transport. This methodology allowed for the collection of qualitative data, whilst engaging 
a limited number of participants in an informal group discussion. This was designed as a flexible 
and fluid process and assisted in highlighting issues not previously considered by the researcher 
in the methodology design process. Participants were able to interact as a group, discuss and debate 
key elements and issues of their modes of transport. Participants were made aware that the informal 
group discussion would be kept anonymous and would be used for the research process only.  
During the Community Social Mapping process, observations were made of the status quo of non-
motorised transport and urban public transport infrastructure. Photographic and note-based 
recorders were carried along for capturing images and recording information during observations. 
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4.5.2. Secondary Data 
4.5.2.1.  Desktop Study  
The desktop study was informed by data collection based on a review of relevant and available 
literature on non-motorised transport, urban public transport provision, transport planning and 
management in the City of Johannesburg. Data about the City of Johannesburg transport 
infrastructures planning, and management were gathered from various sources such as existing 
literature, policy documents and reports of National, Provincial and Local organisations. Various 
themes relating to integrated Non-Motorised transport and urban public transport infrastructures 
planning and management in the City of Johannesburg were identified and used in carrying out 
the web search in major electronic journal databases. These themes included the state of Non-
Motorised transport, urban public transport, transport planning, integrated transport systems, 
transport management processes and legislative framework governing transportation in 
Johannesburg. The journal databases included the Scopus database, Sage Journal online, Science 
Direct, MDPI and other catalogues from the University of Johannesburg library.  
Secondary data collected using the desktop study played a critical in guiding the geography of the 
topic. It also traced the existing spatial patterns, economic distribution and spatial economic profile 
of the City of Johannesburg. It further revealed meaningful knowledge of the city conditions the 
City’s population dynamics, labour market activities and business operations.  In addition, it 
unpacked the vision of the Spatial Development Framework, 2040 for the City of Johannesburg, 
and identified proposed mobility innovations within the Gauteng City Region.  Secondary data 
also provided the context in which the primary data fitted. The secondary data was also useful in 
comparing the policy frameworks and trends in transport infrastructure provision within the city.  
4.5.2.2.  Urban Public Transport Infrastructural Data  
Spatial data of urban public transport infrastructures (Gautrain, Rea Vaya, Metrorail and 
Metrobus) were collected in shapefile format from their service providers (Gautrain Management 
Agency; PRASA; and City of Johannesburg). The data were currently not open source, but 
available on request from the public transportation providers. The spatial data gathered were used 
to visualise the spatial trend maps using Geographic Information Application (ArcGIS 10.3 
software) to inform analysis and discussion on spatial patterns and infrastructure connectivity of 
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the urban public transport systems.  Table 1 below illustrates the summary of spatial datasets 
gathered whilst table 2 illustrates the geolocation of the spatial datasets gathered.  
Datasets Quantity  
Gautrain stations 5 train stations  
Gaubus stations 245 bus stations 
Rea Vaya stations  Phase 1A 31 bus stations 
Phase 1B 46 bus stations 
Phase 1C 13 bus stations  
Metrorail stations 42 Train stations 
Metrobus stations 1921 Bus stations 
  Table 1: Summary of spatial datasets collected [Source: Research Findings, 2020] 
Column ID  Column Name  Unit  Interpretation 
1 Latitude  Degree Latitude reference of Infrastructural data 
2 Longitude  Degree Longitude reference of Infrastructural data 
3 Format Point/Polyline  Transportations routes or stations 
4 Source  R1/M1/M2/G1/G2 R1=Rea Vaya; M1=Metrorail; 
M2=Metrobus; G1=Gautrain; G2=Gaubus 
5 Location  Point  Suburb or township   
6 Date  YYYYMMDD The day of the month or year which 
infrastructural data was last updated  
7 Time HMS The time which infrastructural data was 
last updated  
Table 2: Geolocation of spatial datasets collected [Source: Research Findings, 2020] 
4.5.2.3.  Strava Metro Big Data 
Crowd-sourced datasets derived from the geolocation based mobile application Strava Metro for 
the City of Johannesburg were collected to visualise the cycling patterns, trends and distribution 
for the year 2019. The Strava data were chosen, as they had been proven to be useful sources of 
data for cities such as Portland and Oregon and Brisbane (Strava, 2015). The gathered Strava 
datasets were used to illustrate the spatial and temporal coverage of Non-Motorised transport 
patterns and trends in Johannesburg.  Strava Metro has three licenses, namely: (a) Streets, (2) 
Nodes and (3) Origins and destinations licences. The study was unable to acquire the streets and 
nodes license to give better insights into cycling patterns. The City of Johannesburg currently does 
not have any information on cycling patterns; thus, the Strava Metro was a suitable source of data 
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providing such information.  Accordingly, an Origination and Destination license was obtained 
which recorded start and end of cycling polygon activities.  
Datasets received from Strava were in the dbf and shapefile format. The dbf contained all the 
cycling attributes whilst the shapefiles contained the (suburbs) where the cycling took place. The 
total number of cycling trips recorded by Strava Metro in Johannesburg was 101141 for the year 
2019 (from January to December). Only about 20% of the cycling trips recorded are for 
commuting, whilst recreational trips accounts for approximately 80% of the cycling. Table 3 below 
illustrates the total cycling activities for the year 2019 in the City of Johannesburg.   
Activity  Trips  Percentage  
Commuting 16844 17% 
Recreational  84297 83% 
Total  101141  100% 
Table 3: Summary of total cycling activities recorded by Strava Metro [Source: Research Findings, 
2020] 
The cycling data received from Strava were spatially interpreted and visualised using ArcGIS 10.3. 
Cycling patterns were analysed through Exploratory Spatial Data Analysis method based on the 
frequency, time as well as the origin and destination. The execution of the different analyses of the 
date relied on the reliability of the information recorded which meant that all potential errors had 
to be minimised. Despite quality assurance being embedded in all the analytic processes, such as 
data collecting and editing, errors may still have existed. To prevent errors from accumulating, the 
editing process was repeated until the researcher was satisfied that all the records used in the 
analysis reflected a true representation.  The analysis was at city and neighbourhood level. At a 
neighbourhood level spatial analyst, spatial statics and map algebra of ArcGIS 10.3 were used to 
calculate the cycling trips, the origin and destination polygons.   
4.6.  DATA ANALYSIS 
The study followed an inductive approach to data analysis by way of identifying the extent of 
spatial integration within themes of urban mobility. The analysis started by exploring findings 
under each theme before confirming the findings based on analytical principles, and not 
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necessarily following a set of rules. According, thematic analysis, content analysis, exploratory 
spatial data analysis and statistical analysis as techniques were used to assess all the spatial, 
qualitative and quantitative primary and secondary data collected during the study. These analysis 
techniques were purposefully chosen to define the extent of the spatial integration of non-
motorised transport and urban public transport infrastructures consistent with the inductive 
approach to data analysis.  
4.6.1. Content analysis 
Content analysis informed by the Systematic Review methodology was used to analyse qualitative 
data in the form of literature on the spatial distribution of urban transportation systems. Key themes 
shown in Figure 3 such as the ‘Compact city’ and ‘Transport Oriented development’ case studies 
on the state of the art in urban mobility planning were identified and evaluated. Content analysis 
infrastructure projects conducted by the city of Johannesburg were evaluated such as the Empire 
Perth Development; Turffontein Development Corridor and Louis Botha Avenue Development 
Corridor. Likewise inferences for future motorised and non-motorised development were 
evaluated. 
 



















4.6.2. Focal Statistics Analysis  
Focal Statistics is used to perform a neighbourhood analysis operation that computes an output 
where the value of each output cell is a function of all the input values that are in a specific 
neighbourhood around the location. Focal statistics was very crucial in the study, as it was used to 
visualise and identify the distribution of hot spots along the public transportation networks and 
rank these hot spots. Likewise, ArcGIS 10.3 was chosen as it provided a myriad of spatial statistical 
analysis tools for mapping clusters.  
Given a polygon, E representing the Johannesburg municipality regional boundary the researcher 
used this as the processing extent. The set of station points is denoted as S, with each point s ∈ S 
representing the stations of a public transportation mode. The set of events points, T denotes the 
geographic location of each station point, with each point t ∈ T having a numeric value v(t). 
Each public transportation network is denoted as 𝐺𝐺 = {𝑉𝑉,𝐴𝐴} where V is a set of stations and A is 
a set of public transportation routes. Each route, 𝑎𝑎 ∈ 𝐴𝐴 is a path between two stations  𝑣𝑣1 𝑣𝑣2 ∈ 𝑉𝑉 
has a length 𝑙𝑙(𝑎𝑎). Lastly 𝑒𝑒(𝑎𝑎, 𝑏𝑏) represents the straight-line distance between station a and station 
b. 
To conduct the Focal Statistics Analysis, the following steps were used: 
Step 1: Create a fishnet with grid size 500metres x 500metres within the spatial extent of polygon 
E. 500metres was chosen as a suitable walking distance to a station (Daniels & Mulley, 2013; El- 
Geneidy et al., 2014). 
Step 2: Calculate the Frequency = Number of stations in each fishnet grid 
Step 3: Calculate Focal Sum = Σ𝑡𝑡∈𝑁𝑁(𝑠𝑠)
𝑣𝑣(𝑡𝑡)  
4.6.3. Exploratory Spatial Data Analysis 
As the study utilised an exploratory research design, Exploratory Spatial Data Analysis (ESDA) 
was adopted to assess spatial distribution patterns. Currently, the ESDA has been used in previous 
studies to describe and visualise spatial distribution, highlight spatial associations and classify 
atypical trends (Anselin, 2012). Consequently, cycling data from Strava Metro for the year 2019 
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was collected and analysed using ESDA to visualise the cycling patterns. There are limited studies 
in developing cities such as Johannesburg that have complete spatial datasets of non-motorised 
spatial patterns. Moreover, Strava Metro has been used in previous studies to conceptualise cycling 
patterns and trends (Musakwa & Selala, 2016). 
The movement patterns of cyclists in the city of Johannesburg were converted into shapefiles and 
spatially interpreted using the Geographic Information Application (ArcGIS 10.3). The maps 
helped to visualise hot spots and track spatial coverage; patterns; trends and distributions of non-
motorised and motorised transport infrastructures. The period of the study was from January 2019 
to December 2019 and the analyses were triangulated to yield viable results. This approach used a 
high temporal and spatial resolution to ensure a large sample size during the research.  
The Public Transport Accessibility Levels (PTALs) was then derived using ESDA to assist in 
analysing the accessibility of public transport facilities with a view to delineating areas suitable 
for densification for increasing intensity of use. Walk access time is calculated from specified 
points of interest to all scheduled public transport access points such as bus stops, rail stations, 
BRT stops, etc. within predefined catchments. A measure of service frequency is incorporated by 
calculating an average waiting time that relates to the frequency of the service at each respective 
public transport access point. 
4.7.  VALIDITY AND RELIABILITY OF THE STUDY  
Validity and reliability are concepts used to evaluate the quality of research. Reliability is about 
the consistency of a measure, and validity is about the accuracy of a measure.  The study adopted 
a case study research design that applied mixed method approaches to gather spatial and qualitative 
information. It unveiled the extent of spatial integration of transport infrastructure and developed 
a holistic urban transport planning and designs framework. The exploratory approach was used to 
formulate the research problem for precise investigation, whilst the descriptive approach was used 
to gather complete and accurate information. Spatial and qualitative analysis in the study were 
triangulated to yield viable results. 
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Key informant interviews, community social mapping, desktop study, urban public transport 
infrastructural data and Strava Metro datasets were used. Through, content analysis informed by a 
systematic review methodology, the researcher analysed qualitative data on the spatial distribution 
of transport infrastructure. He similarly analysed polices that guide transport infrastructure 
planning and development targets in the line with realities, needs, expectations and presences of 
current and potential users of transport infrastructure in Johannesburg. Focal statistics was very 
crucial in the study, as it enabled identification of the distribution of hot spots along the public 
transportation networks and ranked these hot spots. Using exploratory spatial data analysis, Strava 
Metro untangled the crowd-sourced datasets to derive meaning from these large quantities of text. 
The statistical analysis relied on the quality of the input data. Hence the researcher ensured that 
the infrastructural data of urban public transportation was collected from the service providers.   
4.8.  LIMITATIONS OF THE STUDY 
Firstly, a challenge which was encountered in conducting this research is related to the collection 
and capturing of information. Instead of 25 key informant interviews, only 13 interviews were held 
with officials from the City of Johannesburg (3 interviews), Gauteng Department of Roads and 
Transport (2 interviews), Gautrain Management Agency (4 interviews), Johannesburg Roads 
Agency (1 interview), PRASA (1 interview), and Johannesburg Metropolitan Bus Service (2 
interviews).  As such, 52% of feedback was received and 48 % could not be acquired for capturing 
and analysis.  
Some of the participants did not answer the guide survey questionnaire correctly for the informal 
group discussion during the social mapping process because of a lack of understanding of the topic. 
This weakened the analysis and led to some of the information being missing data. In addition, 
some participants gave biased answers to the researcher, and some of the questions were not 
answered. There were also certain language limitations, as most of the participants spoke Xitsonga, 
IsiXhosa, Isizulu and Sesotho as their primary language and only spoke limited English. To 
counter this, interpretation was used but some nuances of expression, tone and other language 




Furthermore, when using Focal Statistics Analysis and the Exploratory Spatial Data Analysis the 
research ensured that the data was initially cleaned to validate the results. The researcher thus 
ensured that a cross-validation exercise was carried out in comparison with other studies. 
The statistical analysis relied on the quality of the input data. Hence the researcher ensured that 
the infrastructural data of urban public transportation was collected from the service providers. 
Non-motorised transportation data was collected from Strava Metro. Due the successful utilisation 
of Strava Metro data in previous studies, the data was used in the study. 
4.9.   ETHICAL CONSIDERATIONS  
During the Key informant Interviews and Community Social Mapping groups discussions, 
participants were made aware that the discussions would be kept anonymous and be used for the 
research purposes only.  For instance, the Strava Metro Data used in this study carried sensitive 
personal information of the users, such as the user’s name and location. The identity of the cyclists 
had to be protected, hence in the study only the movement patterns were assessed. Thus, it was 
ensured that the data was only used for academic and planning purposes. Privacy issues 
subsequently arose due to the nature of this data, as it could be misused to profile specific users or 
be sold for private gain. Again, another ethical issue of confidentiality arose because the researcher 
still could be held liable for any misuse of the data, especially the geographic locations of the users. 
The study therefore utilised the university’s ethics and code of conduct policy to inform how the 
data would be safeguarded to protect the interest of the transport service providers and Strava 
Users.  
4.10. CHAPTER CONCLUSION   
The chapter spelt out the methodological premises and the research design process related to the 
study. It described the development of the research up to how it was based on the use of Strava 
Metro data to visualise spatial and temporal coverage of non-motorised transport patterns, trends 
and distributions in the City of Johannesburg. The resulting model, though having limitations and 
challenges, had the potential to visualise the points of interests of the commuters, as presented in 





SPATIAL VISION AND ENVISIONED MOBILITY INNOVATIONS IN 
CITY OF JOHANNESBURG TRANSPORT INFRASTRUCTURE 
5.1. INTRODUCTION  
Past spatial planning practices have left developing cities such as the City of Johannesburg with 
sprawling low-density areas of settlement, lacking viable public transport systems. The majority 
of citizens in South Africa are still living on the fringes of the cities, commuting daily, often at 
considerable cost, over long distances to access work opportunities. As such, it is very critical in 
developing cities such as Johannesburg to trace the existing spatial patterns, economic distribution 
and the envisaged mobility innovations. To achieve these aims, it was crucial to recognise the City 
of Johannesburg population dynamics, labour market activities and business operations to enable 
the study to contribute meaningful knowledge of city conditions. The existing spatial structure of 
the city and its shortcomings in terms of costly and distant commuting to access economic 
opportunities is also discussed with a closer look at how location and concentration of jobs are 
mismatched with where people live. The chapter further discusses the envisioned mobility 
innovations and the proposed development corridors as mobility spines from a high-level 
perspective within the City.  
5.2. THE CITY OF JOHANNESBURG SPATIAL ECONOMY PROFILE  
The City is the economic and logistics hub of the Republic of South Africa, with a road and rail 
transport network radiating outwards to other parts of the region, country and the world. 
Johannesburg today continues as the energetic, dominant metropolitan economy in the country; 
and contributes some 17% of national output (GDP). It is host “to two-thirds of all South Africa’s 
corporate headquarters and 60% of the top 100 companies” (CoJ SDF, 2016). The City also acts 
as an economic gateway to Sub-Saharan Africa, which has emerged as a new global growth region 
as its natural resource sector develops, infrastructure improves and its middle class and consumer 
buying power grows. According to the CoJ Economic Development Strategy (2015), “Since 1996 
Johannesburg has shown positive real GDP growth and its GDP growth rate has outpaced the 
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national growth rate”. This is largely because of the dominance of the fast-growing financial and 
business services sector, which has consistently outperformed average growth rates. 
When Johannesburg’s growth is compared to that of metros such as Cape Town, Nelson Mandela 
Bay and eThekwini, the city consistently outperforms its counterparts. Over a 20-year period 
(1996-2017), Johannesburg’s average growth rate was 3.6%, marginally higher than both the 
provincial economy (3.0%) and national (2.7%) economies. Unsurprisingly, the City enjoys the 
highest proportion of formal sector employment in the country, currently about 7-10% higher than 
in all the other Metros” (Peberdy, 2015). Although, this reflects favourable economic performance, 
however it is unsustainable, with recent data from Stats SA showing that the country and 
Johannesburg have in the last few years lost rather than created jobs.     
The structure of the City’s economy today is dominated by the financial sector, with community 
services, trade and accommodation and manufacturing also significant contributors. This is a shift 
in the economic base of the city from resources and manufacturing, to services. In 2013, sector 
contributions to output were: Finance, Real Estate and Business Services (32%), Community, 
Social and Personal Services (20%), Wholesale and Retail Trade, Catering and Accommodation 
(16%), Manufacturing (16%). This was followed at some distance by Transport Storage and 
Communication (8%), Construction Contractors (4%), Electricity, Gas and Water (2%), Mining 
and Quarrying (1%) and Agriculture less than 1%. Apart from the sectoral structure of the 
economy, the spatial distribution of the urban economy has significant implications for future 
growth of the city. Factors such as location, connectivity, accessibility, infrastructure, 
diversification of activities and services, and levels of interdependence with the economic patterns 
of the wider city region have a marked influence on the potential for future development. 
5.2.1. Spatial distribution of the Urban Economy 
While economic indicators suggest that Johannesburg is well placed in terms of its 
competitiveness, inequality in the city (specifically the spatial inequality that is apparent in its 
structure) is a tough reality that must be addressed. The city economy is centred on two regions of 
significant economic activity. The Inner City and Sandton nodes and their immediate regions, 
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(Region E and F respectively), constitutes 50% of the city’s economic output but only house 23% 
of the city’s population (see figure 4). 
 
Figure 4: Spatial Economic Distribution of the City of Johannesburg Map [Source: Research Findings, 
2020] 
In contrast the south western regions of the city stretching from Soweto to Orange Farm only 
contributes to 13%, (9% and 4% respectively), of the city’s economy but house 41% of the 
population. The southern parts of the city have consistently reported the highest percentage of 
people living in poverty. Most of the south western regions’ sectoral growth dynamics remain 
weak when compared to other regions. Most of the areas south of the N12 highway have low 
interdependence and interconnectedness with the main economic centres in the City region and as 
a result attract limited economic investment. An exception is in Soweto, where the community, 
social and personal services sector grew the fastest of all regions, reflecting both demand and 
public sector efforts to improve service delivery in the region. Apart from the low economic energy 
in southern Johannesburg, there is also a significant east-west division of the space economy. The 
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economic activity along the M1 that links the CBDs of Johannesburg and Pretoria, and the area 
east of the M1 accounts for 62% of the city’s economy. If the Randburg region (Region B) is added 
to this total, then 72% of the city’s economy is generated in the northern and eastern quadrants of 
the city. The economic necessity of agglomeration and linking of economic centres in the city 
region is clearly illustrated by the orientation of the city’s economy towards Tshwane in the north 
and Ekurhuleni to the east. This trend is further emphasized by the constant growth and increase 
in economic share of the north-eastern quadrant of the city over the past 18 years. 
5.3. ANALYSIS OF EXISTING SPATIAL STRUCTURE AND ITS SHORTCOMINGS 
Spatial inequality remains a defining characteristic of the settlement pattern of Johannesburg. The 
location and concentration of jobs does not match where people live. This job-housing mismatch 
significantly contributes to inequality in the city, as for many residents’ access to economic 
opportunities is stifled by costly and distant commuting. Some of the highest densities of housing, 
the ‘townships’ inherited from apartheid spatial policies, are also some of the most deprived areas 
in the city, located far from areas of economic opportunities. There are also two major spatial 
discontinuities in the city structure that are barriers to opportunity: the mining belt, which has 
become a symbol of north-south segregation, and the tracts of undeveloped land in the north east 
of the city (Glen Austin/Austin view, Modderfontein and Frankenwald). These form a spatial 
divide between the city of Johannesburg and its, neighbour, Ekurhuleni. 
Post-apartheid housing delivery has exacerbated apartheid spatial development patterns by 
building housing in areas far from economic activities, with the availability of land being the 
primary logic behind their location. The private sector, through car-oriented developments (for 
example malls and gated residential estates and office parks) has further aggravated spatial 
segregation.  Newer townhouse and cluster developments have relatively higher average 
residential density. These new developments are focused on private use and are frequently located 
in single use clusters, with limited access to public transit infrastructure. As such, they generally 
do not foster walkable neighbourhoods and often have not been met with requisite public 
infrastructure. Some of the highest residential densities in the city are some distance from the core, 
and from economic activity. Soweto, Orange Farm, Diepsloot and Ivory Park for example reflect 
relatively high residential densities but are all limited in their land use diversity.   
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The high level of spatial inequality in the city is reflected in the urban spatial form and in high 
levels of securitization with the proliferation of strip malls and gated office parks and townhouse 
developments. These are characterized by controlled street patterns that have moved from the 
historically open grid to the clustered cul-de-sac, loop and ‘lollipop’ configuration contributing to 
fragmentation and low levels of walkability. Continuing to meet development demand in this 
manner exacerbates existing socio-economic disparities in the city. It also places significant 
pressure on the natural environment, reduces efficiency and increases the cost of infrastructure 
provision (both to build, and to maintain over the long term).  
Spatial concentration of formal jobs in the City of Johannesburg is much higher than the spatial 
concentration of housing. This sharp concentration of jobs is an asset for the city and will feed 
economic growth if it is articulated with an efficient transportation network and by increased 
housing opportunities in close proximity.  The concentration of jobs relates to the significant 
variation in economic output across the city’s regions. Regions E and F (which house Sandton and 
the Johannesburg CBD respectively) account for 50% of the city’s economic output. Regions A, 
B and C contribute 37%, while regions D and G only contribute 13%, despite housing significant 
proportions of the metro’s population. 
In interpreting the current city morphology, Johannesburg displays a unique structure of inverted 
polycentricity, inherited largely from its complex history. This structure is characterised, inter-
alia, by peripheral or satellite nodes that are disproportionately large compared to and are 
disconnected from the main urban centre (inner city). It is also characterised by illogical density 
gradient residential areas. This means that many high-density residential areas are located on the 
outskirts of the city, and far from job and economic opportunities.  This spatial contradiction 
translates into a job housing mismatch. It has a significant impact in terms of social exclusion, 
energy and carbon intensity (by increasing travel time and travel distances from jobs to housing). 
It also impacts economic productivity (by jeopardising agglomeration economies), with most 
commuter’s flows being directed to the city centre.  
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5.4. TRANSPORT SPATIAL PLANS AND ENVISIONED MOBILITY INNOVATIONS 
IN CITY OF JOHANNESBURG  
The City of Johannesburg is embarking on new spatial plans in line with the Joburg Spatial 
Development Framework 2040, the Growth Development Strategy, based on transport-oriented 
development.  The shape of the future city will consist of well-planned transport arteries, the 
Corridor of Freedom linked to interchanges, where the focus will be on mixed-use development. 
Joburgers will then not have to use private motorised transport but can opt for the alternative 
means, which including cycling, bus lanes and pedestrian walkways. The Corridors of Freedom 
will transform entrenched settlement patterns, which have shunted the majority of residents to the 
city’s outskirts, away from economic opportunities and access to jobs and growth. Gone will be 
the days of being forced to rise at dawn to catch a train, bus or taxi to a place of work. PRASA has 
completed a New National Plan which will guide infrastructure investment into specific identified 
corridors. 
5.4.1. Corridors of Freedom & Transit Oriented Development 
The City of Johannesburg Strategic Integrated Transport Plan Framework identifies a high-level 
public transport network for 2040, based on population growth, areas of employment growth and 
projected densities. It has identified a number of key public transport corridors, consolidating 
growth and development opportunities around existing and future public transport nodes, starting 
from the Corridors of Freedom linking Soweto, through the Inner City, to Sandton (along Empire-
Perth and Louis Botha Avenues) and linking Turffontein into the Inner City. This will also include 
a focus on transit-oriented development nodes, including Gautrain, Rea Vaya (BRT) and Metrorail 
stations. Some of the public transport corridors will function as transit corridors, transporting large 
numbers of people from one part of the city to another. Other public transport corridors have the 
potential to grow into development corridors, with the opportunity to not only link mixed-use 
development nodes but to articulate public transit with housing, new employment activities and 




Figure 5: City of Johannesburg Corridors of Freedoms and Development Corridors Map [Source: 
Research Findings, 2020] 
As depicted in figure 5 above, the proposed Corridors of Freedoms and development corridors are 
significant as mobility spines from a high-level perspective within the Gauteng City Region. They 
are also public transport and pedestrian spines, supported by existing active street edges and land-
uses. They have the potential to transform entrenched settlement patterns that have kept many 
communities at the outskirts of the city, away from access to jobs and growth. They can also guide 
future city growth towards areas best serviced by transit infrastructure and the full range of vibrant 
urban amenities and services. The intention of the current initiative is to optimise development in 
and around high intensity movement corridors to create more accessible opportunities for the 
residents of Johannesburg and economies of scale that are attractive to investors.  As such, future 
growth around these corridors is envisaged as medium to high-rise residential developments 
growing around the transit nodes, gradually decreasing in height and density as development 
moves further away from the core. Social infrastructure, schools, clinics, police stations and 
government offices will be strategically located to support the growing population. The future 
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vision is premised largely on theories and best practises around the notion of Transit Oriented 
Development (TOD). This seeks to create urban spaces with a vibrant mix of high-density 
residential developments, office, retail and recreational spaces within walkable precincts anchored 
by high quality social amenities.  
5.4.1.1.The Louis Botha Avenue Development Corridor 
The Louis Botha Avenue Development Corridor represents one of three strategic frameworks that 
deal with the medium-term scope of the Corridors of Freedom, the other two being the Empire 
Perth Corridor, and the Turffontein Corridor. The Louis Botha Avenue Development Corridor is 
located to the north-east of the Inner City, between the CBD and northern parts of the City around 
Alexandra. The southern parts of the corridor study area are predominately residential in nature, 
encompassing some of the oldest residential suburbs in the City. Further northwards, the corridor 
passes through a number of key commercial and industrial areas, such as Bramley, Kew and 
Wynberg. The corridor as a whole is well connected to existing key nodes and elements in the 
City, including Midrand to the north, a key growth and employment node; the Modderfontein/ 
Greenstone area, a significant future growth opportunity for the City, and Sandton, one of the key 
economic nodes to the north of the City. The corridor further links to adjoining metropolitan 
Municipalities and is one of the main connectors bringing together people and jobs from 
neighbouring municipalities. Planned inter-modal facilities, such as the envisaged terminal at Watt 
Street will strengthen this function.  Figure 6 below depicts the Rea Vaya Louis-Botha corridor 




Figure 6: Louis-Botha corridor of freedom [Source: Research Findings, 2020] 
Optimising the impact of the Rea Vaya BRT 
The Louis Botha corridor forms part of Phase 1C of the Rea Vaya BRT. Louis Botha Avenue will 
function as the trunk route along which services will operate between the CBD and the Alexandra 
and the Alexandra and Sandton Nodes, connecting with existing Phase 1A and 1B service. Along 
this trunk route, buses will operate within the medium of the roadway with a segregated right of 
way. Trunk route stations (in the median) facilitate the physical integration between trunk routes, 
complementary/feeder services and other public transport systems, and provide strategic locations 
for future development. Minibus taxis and rail transport constitute the largest proportion of the 
existing public transport mode share. The Phase 1C of the Rea Vaya system also aims to strengthen 
public transport services between the CBD and Alexandra/Sandton. This Public Transport Spine 




Gautrain Feeder and Distribution Services: Supporting Public Transport Systems 
Most parts of the Louis Botha Avenue Development Corridor are serviced by the Gautrain Feeder 
and Distribution service. It is therefore imperative to promote integration between the Rea Vaya 
and Gautrain services, as a large number of Gautrain commuters from Marlboro Station could 
access the numerous economic, institutional and education opportunities in the corridor by means 
of public transport. The stations forming part of the Rea Vaya system are critical interventions for 
realising the benefits of Transit Oriented Development.   
Non-Motorised Transport  
It is imperative that the infrastructure provided for pedestrians is according to the minimum 
standards needed to accommodate their specific needs. Furthermore, the area where people work 
stay and live should be secure enough for them to walk and cycle. Non-Motorised Transport 
(NMT) is a crucial part of the transport system and everyone should have access to urban 
opportunities and mobility with the necessary safety precautions in place. Sidewalk facilities have 
been provided on most Class 2 and Class 3 roads but are inadequate, as the network is 
discontinuous and poorly maintained. In many cases, street furniture has reduced the effective 
width of sidewalks. No dedicated cycle facilities currently exist, although the City of Johannesburg 
is currently busy implementing cycle lanes in selected areas. 
Metro Bus  
The Louis Botha Avenue Development Corridor is broadly serviced by the city’s existing Metro 
Bus service, with most suburbs having some degree of walkable access to this service. With the 
introduction of the Rea Vaya network, however, a process of alignment is soon likely, which 
should see the optimisation of the Metro Bus system with reference to integrating public transport 
with systems such as the Rea Vaya. 
Analysis of Movement and Connectivity  
The north-east of the Inner City, which comprises parts of Hillbrow and Parktown is characterised 
by intense levels of development. Hillbrow remains one of the key inner-city residential areas, and 
there are isolated opportunities for densification through infill development and redevelopment of 
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certain structures that remain. However, much of the opportunity associated with the current 
initiative relates to ensuring good connectivity to the planned BRT stations and consolidating and 
enhancing the supporting social and community infrastructure that exists in the area. Clarendon 
Station is the first of the Rea Vaya Stations proposed between Hillbrow and Parktown. The location 
of the station enjoys good accessibility to the Hillbrow side of Louis Botha Avenue, but relatively 
poor connectivity to the western side of the road, into the Parktown areas, due to the lack of local 
connections into this area. It is proposed that a pedestrian/NMT link be pushed through the block 
west of the Clarendon Station, to tie into Park Street. 
The Orange Grove portion, which is comprised of portions of the suburbs of Fellside, Mountain 
View, Orchards and Orange Grove are characterised by a strong grid structure, with relatively high 
levels of accessibility and connectivity. The proposed Rea Vaya station is well located relative to 
current development/ redevelopment opportunities, although the lack of a second station in the 
southern parts of the area will limit the potential of these areas to attract development and 
investment. In addition, the road closures to the introduction of the Rea Vaya system do impact on 
local connectivity within the broader Orange Grove area, particularly the western side of Louis 
Botha Avenue. The Orange Grove portion of the Louis Botha Avenue Corridor is fairly extensively 
developed, although there are still areas where infill and redevelopment opportunities exist.  
Wynberg and Alexandra is anchored by the proposed Watt Street BRT Station and interchange. In 
terms of prevailing land use and character, the Wynberg area is predominantly industrial with some 
commercial activity around the Watt Street area. The areas east of Louis Botha Avenue, towards 
Alexandra, have undergone fairly extensive growth over recent years, with the development of the 
Pan Africa Mall. These reinforce the strong east-west movement flow, much of which is pedestrian 
in nature, moving across Louis Botha Avenue towards Sandton. Peak hour pedestrian flows along 
this route often exceed 1000 people per hour. Movement and connectivity in the Alexandra and 
Wynberg areas is strongly influenced by the current treatment of Louis Botha Avenue, with the 
road being more divisive than integrative where it runs through the area. This is due in part to a 
median barrier which runs along the middle of the route, as well as service lanes which tend to 
limit integration between the road and the adjoining properties. The area has a fairly well-
established grid-type block structure, although the length of blocks does impact on levels of 
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connectivity and accessibility. The Marlboro portion is comprised of portions of the suburbs of 
Wynberg, Alexandra, Marlboro, Marlboro Gardens and Marlboro South. The area has the potential 
TOD opportunity for the current stage of the Rea Vaya system, with the route shifting westwards 
along Lees Avenue and across the M1 Motorway towards the Sandton CBD area. The final station 
offers good levels of accessibility into the adjoining areas. 
5.4.1.2. Empire Perth Development Corridor 
The Empire-Perth Development Corridor is in Region B of the City of Johannesburg, immediately 
to the west of the central Business District of Johannesburg. It serves as a regional, national and 
continental node and is a thriving centre of trade and increasingly, a living environment to a large 
number of diverse user groups. It forms part of a large movement corridor and has traditionally 
been the link between the densely populated residential settlements of Alexandra in the North and 
Soweto on the southwestern periphery of Johannesburg. In the current context, the corridor thus 
connects two of the most significant settlements affected by apartheid in Johannesburg, linking 
vast population groups with employment, education and recreational facilities situated along the 
corridor and in the CBD. Due to its strategic location, the corridor is also an important metropolitan 
link between the western regions of Johannesburg and the CBD. Several important metropolitan 
links exist between the wider western regions of Johannesburg and the CBD. Further important 
metropolitan routes and rail links cross the corridor and the Rea Vaya Trunk route along Empire 





Figure 7: Empire Perth Corridor of Freedoms [Source: Research Findings, 2020] 
The corridor is thus in many ways a connecting point for various districts and areas in 
Johannesburg and can be viewed as a destination corridor. The corridor is regionally very 
accessible via private and public transport, with Bus Rapid Transit, Gautrain Feeder services and 
future high-speed Metrorail services all servicing the corridor area. On a metropolitan scale, the 
corridor is a gateway between the traditional marginalised areas and the economic, education and 
recreational opportunities situated not only along the corridor, but in Central Johannesburg. Its 
current and future function in terms of connecting a vast number of Johannesburg residents with a 
wide range of opportunities makes the Empire-Perth Corridor a ‘Corridor of Freedom’. The area 
earmarked for the Empire-Perth development corridor comprises a buffer-zone situated around the 
existing Trunk Route 1B of the Rea Vaya Network, and extends from Empire Road in Parktown 
in the East westwards to the intersection of Commando and Main Reef Road in Riverlea. The 
implementation of Trunk Route 1B provides a link between the northern and southern parts of the 
city through the centrally located institutional corridor along Empire and Perth Roads. The location 
of the area within the city context elevates the potential to restructure the City and bridge the 
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development gap between the south and the north while creating opportunities for accommodation 
related to tertiary education and other economic and social institutions in the area.  
Optimising the Impact of the BRT  
The Empire-Perth corridor forms part of Phase 1B of the Rea Vaya Bus Rapid Transit System. 
Empire-Perth will function as the trunk route along which services will operate between Soweto 
and the CBD connecting with the existing Phase 1A service. Along this trunk route, buses will 
operate within the median of the roadway, with segregated rights of way at a peak hour frequency 
of 1 bus per minute.  The Phase 1B of the Rea Vaya System aims to strengthen public transport 
services between the CBD and Soweto. This Public Transport Spine should be supported by 
complimentary modes of public transport, including conventional Bus networks as well as the 
Commuter rail network that traverses the corridor area. The trunk route will be supported by 
complementary routes (extended, circular routes that connect to the main route), as well as feeder 
routes (routes from outer suburbs that join the trunk route at key stations) that will extend to places 
like Yeoville, Cresta, Florida, Parktown and the Charlotte Maxeke Hospital. Trunk route stations 
(in the median) facilitate the physical integration between trunk routes, complementary/ feeder 
services and other public transport systems, and provide strategic locations for future development.  
Gautrain Feeder and Distribution Services: supporting Public Transport System  
The Parktown and Braampark areas, situated on the eastern boundary of the corridor are served by 
the Parktown J1 Gautrain Feeder Bus service. This service links the important office and business 
node of Parktown, as well as the Charlotte Maxeke Hospital with Park Station. The service runs 
adjacent to the proposed Rea Vaya Trunk route on Empire Road (between Victoria and Queens 
Road) and could potentially form an integral part of the local network in terms of providing a 
regional entry point to the corridor on the eastern boundary. It is imperative to promote integration 
between the Rea Vaya and Gautrain Services as a large number of Gautrain commuters from Park 
Station could potentially access numerous economic opportunities and institutional and 
educational facilities in the corridor by means of public transport. The stations forming part of the 




Rail Services  
The Perth-Empire corridor is served by a number of strategic rail services including the main line 
linking Johannesburg CBD with Soweto (Naledi-Park). Integrating public transport services and 
improving linkages between rail and Rea Vaya stations is thus crucial in order to promote a modal 
shift away from private transport to public transport. Rail stations within the corridor are Croeses, 
Industria, Langlaagte, Newclare and Westbury. Langlaagte Station handles the largest number of 
commuters, especially during the morning and afternoon peaks and is also considered as both an 
origin and destination station, given the large number of commuters boarding and alighting during 
the morning and afternoon peaks. 
Croesus Station is second in terms of the number of commuters going through the station. 
However, given the largest number of commuters alighting during the morning peak and the large 
number of commuters boarding during the afternoon peak, Croesus Station is considered a 
destination station. Longdale Station is a close third in terms of commuter numbers and is also 
considered a destination station based on its commuters’ number. New Canada Station in the 
southern part of the Corridor area, has short term potential to develop as a significant TOD 
precinct, with PRASA currently planning substantial housing and mixed-use development within 
walking distance of this station. 
Non-Motorised Transport 
It is imperative that the infrastructure provided for pedestrians is according to the minimum 
standards that need to be justified to accommodate the specific needs of pedestrians. Moreover, 
the corridor area where people work stay and live should be secure enough for them to walk and 
cycle. NMT is a crucial part of the transport system, and everyone should have access to urban 
opportunities and mobility with the necessary safety precautions in place. Accessibility is defined 
by the opportunity for all individuals to utilize the pedestrian environment as fully as possible. 
Furthermore, to achieve a walkable environment in the corridor, people of all ages and abilities 
should have easy access to the public transport and community facilities on foot. Accessibility and 
connectivity analyses were carried out on the road and rail, based on public transport to identify 
the existing barriers or discontinuity of walkways that affect pedestrian travel. The shapes, sizes, 
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pattern and arrangement of plots, street blocks and buildings produce very different results in terms 
of permeability, connectivity and accessibility.   
These patterns have a direct influence on route choice preference, ease of movement and legibility 
within urban environments. Different areas within the corridor are currently characterised by 
different types of streetscape and layouts which inevitably influences the movement of people 
between areas, including to and from transport facilities. Sidewalk facilities have been provided 
on most Class 2 and Class 3 roads but are inadequate, as the network is discontinuous and poorly 
maintained. In many cases, street furniture has reduced the effective width of sidewalks. No 
dedicated cycle facilities currently exist, though Johannesburg is currently implementing cycle 
lanes in selected areas. Walking distances from several Rea Vaya Stations indicate the impact of 
large barriers such as University campuses and the natural ridge within the corridor. Though 
situated no more than 400m from the station, certain locations in Brixton are more than 2km in 
terms of walking distance from the nearest station.  
Metrobus 
The corridor is currently fairly broadly serviced by the city’s existing Metrobus service, with most 
suburbs have some degree of walkable access to this service (see figure 8). With the introduction 
of the Rea Vaya network, however, a process of alignment is likely in the short term, which should 
see the optimisation of the Metrobus system with reference to integrating public transport with 




Figure 8: Metrobus service in Empire Perth Corridor of Freedoms [Source: Research Findings, 2020] 
5.4.1.3.Turffontein Development Corridor 
Turffontein is situated in Region F of the City of Johannesburg, immediately to the south of the 
CBD.  The northern portion of the site consists of a swathe of industrial land, warehousing and 
storage spaces, the remnants of the city’s historic manufacturing hub. While industrial activity may 
have changed substantially in the city, the built form of these industrial areas continues to attract 
light industrial and warehousing functions. This industrial space is contiguous with a band of 
partially active mining land, some of which may be reclaimed in the near future. This east-west 
mining and industrial belt separates the inner city from the lower density residential areas such as 




Figure 9: Turffontein Development Corridor [Source: Research Findings, 2020] 
Situated to the south of the Corridor area are the very low-density residential areas of Glenvista, 
and further south Alberton. These areas are interspersed with agriculture activity and some 
significant natural resources such as the Klipriviersberg Nature Reserve and the scenic East West 
Ridges/Koppies. Due to its strategic location, the area is well integrated with the surrounding urban 
areas. All major arterial roads originate from the CBD and radiate out into parts of the city. This 
includes the national routes N1, N3, N12 and N17 and makes the Turffontein area highly accessible 
from a local and regional point view. The CBD also houses a number of key transportation nodes 
(such as railway station, bus terminuses and large taxi ranks) that are important to national and 




Optimising the Impact of the BRT  
Public transport and TOD have been identified as a restricting tool in the City of Johannesburg. 
The existing public transport infrastructure and services in Turffontein are inadequate, given the 
city’s intent to radically transform and re-stitch the city. The identification of a high-quality public 
transport route linking Turffontein with the wider Rea Vaya Network is central to the Corridor of 
Freedom initiative for Turffontein. The new public transport route is pivotal in terms of 
determining future densification and land use strategies in Turffontein and is thus one of the 
catalytic projects aimed at unlocking the full development potential of the wider area. The 
proposed route links a number of destinations including the Johannesburg CBD, industrial and 
mining belt, Faraday, Village Main and Booysens Rail Station and recreation facilities in and 
around Pioneer Park, Turffontein Racecourse and the residential suburbs in the Corridor area. 
More importantly, the feeder links Turffontein with the Johannesburg CBD, thereby connecting 
the area with the wider Rea Vaya network, consequently increasing the viability of public transport 
as a feasible mode from and to the area. 
The City of Johannesburg Integrated Transport Plan Framework includes a public transport mode 
decision matrix which provides guidelines in assessing the role of each mode of transport in 
possible future transport systems. Given the need for a high-quality public transport service in the 
area, especially in terms of frequency and level of service, it is proposed that the route be classified 
as a BRT feeder. The demand for commuter transport is the determining factor in terms of the 
mode of public transport. Increased future demand as a result of the strategic densification in the 
Turffontein corridor could potentially necessitate a higher order public transport service. Thus, the 
implementation of a feeder or complimentary route serving the Turffontein area is the main 
objective of the first phase of the project. Whilst there will be further work that needs to be done 
on the configuration and viability of the route and service, it is envisaged that the future population 
of the area will generate sufficient peak hour trips to warrant the possibility of Phase 2 (possible 
trunk route/ dedicated busways) of the project.  
Supporting Public Transport Systems  
The Turffontein area is served by a number of public transport services linking the area with the 
CBD and surrounding areas. Metrorail, Metrobus and Minibus taxis operate in the area, with taxis 
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having the largest modal share. Booysens Station is the only significant passenger rail station in 
the area, functioning as the main link for workers wanting to access the employment opportunities 
in the industrial belt. Currently no BRT plans are in place for the Turffontein region, however, 
based on the current movement patterns and densification strategies proposed as part of the 
Corridors of Freedom initiative, the future developments in the area could possibly be better served 
by a public transport feeder route providing a high-quality link between the area and the wider 
Johannesburg. 
Commuter rail in South Africa has been in a steady decline over the past two decades due to a 
continued lack of investment. The current system is blighted by poor service quality, safety 
concerns, poor reliability, uncompetitive journey times, overcrowding on some corridors, and a 
general lack of integration with other modes of public transport. The current reality is that 
Metrorail stations in Gauteng do not contribute positively in terms of developmental planning, 
with stations often avoided due to the negative perception of the public. PRASA completed a New 
National and Gauteng Rail Strategic Plan in 2012 which aimed to guide infrastructure investment 
into specific identified corridors.  In terms of rail in Gauteng, the goal has been to upgrade and 
transform the existing rail network into high-volume corridors more suitable for Transit-Oriented 
Development. Rail is also proposed by the Gauteng Integrated 25 Year Transport Master plan as 
the future backbone for urban development in Gauteng. In short, the interventions will consist of 
new upgraded rolling stock (more seating and standing capacity); new facilities at stations, 
including platforms; upgraded ticketing and security systems and additional tracks on certain 
sections to alleviate bottlenecks in the wider network; Increased frequency and speed on certain 
sections; improving modal interchange facilities at key stations to increase catchment area. 
The highest priority corridors include the core Gauteng network linking Mabopane in Tshwane 
via, Pretoria, Germiston, Park Station, New Canada, Naledi / Midway Stations in Soweto. The rail 
stations within Turffontein are not included in terms of these upgrades but provide access to these 
improved rail corridors situated in the Johannesburg CBD and New Canada to the west of the study 
area. The rail upgrades will also increase the regional accessibility of the corridor area, as it will 
be accessible by various mass transit modes from anywhere in Gauteng. The three rail stations 
within the corridor area generally appear to be in a state of degradation and are poorly integrated 
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with the surrounding urban environment. Booysens Station is particularly cut off from the 
industrial area due to the lack of a northern entrance to the station. Booysens could potentially play 
a more significant role in providing access to the industrial belt and Turffontein area. It is 
imperative for this station to be connected with the industrial belt, as the current layout is 
preventing it from functioning optimally. Only 25% (2172) of commuters’ board trains at these 
three stations during the morning peak indicating the limited extent to which these stations are 
used by local residents. This movement pattern is reversed during the afternoon peak, as these 
workers return homewards to areas outside the study area. 
The area is served by several Metrobus routes, and given the radial pattern of the Metropolitan 
network, generally provides north south linkages between Southern Johannesburg and the CBD 
(mainly Ghandi Square and Braamfontein). Although the municipal bus network adequately serves 
the area in terms of coverage, the irregular operating times of these services limits the ability of 
local residents to solely depend on public transport as a means of accessing adjacent areas. In terms 
of the Metrobus service, however, the municipal bus fleet contains only six (1% of total fleet) 
special needs buses, with none of these operating on any of the routes serving this area. Bus stops 
and facilities are in a state of disrepair. The majority of these are in a bad condition and currently 
contribute to the general negative perception towards public transport in the area. Furthermore, 
buses run at capacity within the morning peak due to the low frequency service. 
Analysis of Movement and Connectivity  
The major north-south movements within the Turffontein area are along Kliprivier and Prairie 
Roads, which are representative of the proximity and the strength of the job base of the city north 
of Turffontein. However, the majority of this north-south movement is external through traffic 
travelling directly to and from the city. Through movement plays a major contribution in terms of 
traffic volumes on roads. It is not practicable to disregard or prevent this movement occurring as 
it is currently perceived to provide support to local economies. Regional east-west movement 
occurs via the M1 and N12 motorways, with lesser movement along Turf Club and Rifle Range 
Roads. Moving forward, these roads must be managed effectively such that mobility needs do not 
compromise the accessibility requirements of internal movement. However, on a larger scale, it 
must be recognized that continuously providing for private vehicle travel based on current trends 
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is not sustainable and viable. As such, stronger emphasis should be given on providing 
infrastructure and directing land uses which support shorter trips via public transport, walking and 
cycling. 
Local motorised and non-motorised trips are generally characterised by shorter trips. These are 
generally local trips such as recreation or shopping jaunts. There are a variety of local employment, 
educational, social and retail opportunities within Turffontein. However, as highlighted earlier 
70% and 30% of Turffontein resident workers and students respectively travel outside of the 
corridor area. As such, the vast majority of internal trips are generally for social and retail purposes. 
The below figure depicts major and secondary movements within Turffontein. These movements 
represent travel by car and on foot. Due to the short distances travelled to local social or retail 
opportunities and low car ownership through the centre of Turffontein, it can be said that the 
majority of these trips are made on foot. Moreover, on site observations indicate that there are 
numerous trips already made on foot despite inadequate pedestrian facilities. Improving and 
providing an accessible, coherent and connected non-motorised transport will only increase the 
proportion of trips made in a sustainable manner. 
5.4.2. City Strategy in Respect of Rail: Gautrain and Metrorail  
5.4.2.1.The Gautrain 
The City of Johannesburg continues to plan Rea Vaya and other future public transport contracts, 
so the network integrates more closely with the Gautrain stations (service design as well as 
infrastructure). Its aim is to improve and manage providers of transport services from Gautrain 
stations such as metered taxis.  Besides only focusing on network integration, the City is currently 
working on achieving the integration between the fare mediums of Gautrain and Rea Vaya. 
Gautrain is presently using Mifare Smartcard but will need to switch to an EMV-based smartcard 
in terms of the national regulations. This will enable Gautrain commuters to use Rea Vaya services 
for feeders and distribution from Park Station more readily (plus Rosebank and Sandton Gautrain 
stations, as Rea Vaya services are extending there in Phase 1C). Fare harmonisation and getting 
Gautrain will allow non-rail commuters to use its buses at more affordable fares. The emptiness 
of the buses is a waste of resources that is visible to the public. The increase in ridership is likely 
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to make this more cost-effective that the present situation. Once there is more widespread 
integration of fare media, this will become even more imperative.  
5.4.2.2.The Metrorail 
The current reality is that Metrorail stations in Gauteng do not contribute positively in terms of 
developmental planning, with stations often avoided due to the negative perception of the general 
public. The current system is blighted by poor quality service, safety concerns, poor reliability, 
uncompetitive journey time and overcrowding on some corridors and a general lack of integration 
with other modes of public transport.  PRASA has completed a National Strategic Plan and 
Gauteng Rail Strategic Plan in 2012, to guide all infrastructure investment in the rail system to 
2050. PRASA is proposing three “Modernisation Corridors” in the country, where a range of 
integrated improvements will take place to increase speed and comfort. In Gauteng, the Mabopane-
Pretoria-Johannesburg-Naledi route will be the modernisation corridor. The PRASA plans identify 
the need for improvements at many stations in Johannesburg such as Johannesburg Park, New 
Canada and Midway station in Soweto. In terms of rail in Johannesburg, the goal is to upgrade and 
transform the existing rail network into high-volume corridors more suitable for Transit-Oriented 
Development. Its stated goal is to upgrade the existing rail network in high-volume corridors so 
that it can play a key role in transit-oriented development in the city and act as a quality mass 
carrier as well as improving modal interchange facilities to increase catchment areas. 
5.4.3. Non-Motorised Transport Strategy Interventions  
The City of Johannesburg is committed to increase cycling as a commuter mode of transport as 
well as increase the number of learners that can safely cycle to school. All Gautrain, Metrorail 
and Rea Vaya stations as well as significant taxi facilities will have safe bike storage facilities and 
could also have service stations for bike repairs. Investing in the public realm in the immediate 
vicinity of such facilities such as upgraded lighting, CCTV, public conveniences etc can also 
support cyclists. The broader movement patterns to and from the Rea Vaya, Metrorail and 
Gautrain stations and major taxi ranks will be identified and the relevant paths and streets 
upgraded with pavements, signage and lighting. NMT projects focusing on university and school 
learners also need to be implemented. Given that cycling is not an established part of 
Johannesburg’s trip making culture, a focus on learners can change this. If the focus is on children 
98 
 
between 6 and 13 now, one can forge a new bicycling generation. By 2040, today’s six-year olds 
will be 33-year-olds, and there will be a sizeable proportion of people up to the age of 40 who 
grew up depending on cycling for mobility as a habit formed in their childhoods. The NMT 
Framework identified education institutions which accommodate a population of learners greater 
than 1500 and focused on these for a range of NMT measures, including making bicycles available 
through the national Shova Kalula government bicycle donation to learner programme, thus 
improving the route network and programmes such as Safe Routes to School. Commuter cycling 
is not part of Johannesburg’s transportation culture, therefore various awareness and 
communication measures will be used to promote the popularity and status of cycling. 
5.5. CHAPTER CONCLUSION   
The chapter traced the spatial vision and envisioned mobility innovations for the City of 
Johannesburg transport infrastructure. It was crucial to recognise the City of Johannesburg 
population dynamics, labour market activities and business operations to enable the study to 
contribute meaningful knowledge of city conditions. The existing spatial structure of the city and 
its shortcomings in terms of costly and distant commuting to access economic opportunities were 
also discussed with a closer look at how location and concentration of jobs mismatch where people 
live. The chapter further discussed the envisioned mobility innovations and the identified proposed 








SPATIAL PATTERNS AND ROUTES NETWORK INTEGRATION OF 
URBAN PUBLIC TRANSPORT SYSTEMS 
6.1.  INTRODUCTION  
This chapter presents key findings given the City of Johannesburg’s urban public transport 
infrastructures and the role of these systems on urban mobility and spatial integration. The pattern 
of urban public transport infrastructures has been developed consistent with Johannesburg’s 
Strategic Integrated Transport Plan Framework. This provides guidelines in assessing the role of 
each mode in possible future transport systems and gives strategy for spatial integration and the 
modal upgrade of urban public transport systems. Vigilant consideration was given as to how 
implementation of innovative urban public transport systems (Rea Vaya and Gautrain) has 
contributed to improved urban mobility. The urban mobility principles such efficiency, 
accessibility, convenience and reliability were used to assess the extent of spatial integration of 
urban public transport systems.  
The study findings in this chapter are represented, interpreted, analysed and discussed consistent 
with objective two (2). This is to unpack the status quo in terms of spatial patterns and determine 
the network connectivity of the existing urban public transport infrastructures within the city.  The 
qualitive data gathered through key informant interviews held were central to the discussions in 
this chapter. Spatial data gathered were used to create maps to inform analysis and discussion on 
spatial patterns and infrastructure connectivity. Thus, discussions throughout this chapter focus on 
how the spatial pattern of urban public transport infrastructures responds to prevailing spatial 
disparities through accessibility of public transport systems.  Spatial connectivity through public 
transport routes networks and the use of stations as connecter points for multi-modal operational 





6.2.GAUTRAIN SPATIAL PATTERNS WITHIN CITY OF JOHANNESBURG  
City of Johannesburg’s pride and joy, the shiny-gold Gautrain is an 80-kilometre commuter rail 
system in Gauteng province which links Central Johannesburg (Park Station) with the main 
business districts of the north (Sandton and Rosebank) and beyond to Pretoria and O.R. Tambo 
International. Johannesburg’s Gautrain stations are Park Station (next to Braamfontein), 
Rosebank, Sandton, Marlboro (close to Alexandra township) and Midrand. The service offers a 
fast, convenient, safe and efficient public transport service; and trains run daily from 05:30 – 21:00 
at intervals of 12-30 minutes.  Connected to every Gautrain station is a network of Gautrain 
‘feeder’ buses linking up nearby suburbs known as ‘Gaubus’. Each route feeds into the respective 
station, and the Bus service makes use of public routes. There are route maps and timetables at all 
Gautrain stations and bus stops. Buses usually arrive every 20 to 40 minutes depending on the 
time of day. An expansion and integration with Rea Vaya will therefore improve mobility patterns 
in Johannesburg. Figure 10 depicts the Gautrain routes and stations within Johannesburg. 
  
Figure 10: Gautrain Routes and Stations Map [Source: Research Findings, 2020] 
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As shown in figure 10 the Gautrain currently does not service the southern areas of the city, which 
has potential commuters. The Gautrain has five stations within the area of jurisdiction of the City 
of Johannesburg and the Gaubus with 245 stations, as shown in figure 11 which feeds into the 
Gautrain stations. From Park Station, J1 Parktown bus provides service to Constitution Hill; whilst 
J2 CBD bus provides a service for Standard Bank Gallery and the Main Street Mining District. 
The first Gautrain bus leaves the station at 06:16 and the last at 20:26. From Rosebank station: 
RB2 bus service Melrose Arch, RB4 bus service Hyde Park, RB5 bus service Killarney and RB3 
service Illovo. The first bus leaves Rosebank at 06:21 and the last at 20:01 (the last bus to Killarney 
is at 18:59). From Sandton Station: S3 bus service Liliesleaf and Rivonia; while S5 services 
Montecasino. On weekends from 08:15–19:30 a Midi-Bus shuttle leaves Sandton station for 
Montecasino, and vice versa, every 45mins.  
The Gautrain services areas of economic nodes of the city, and this advocates that Gautrain 
commuters have the potential of accessing economic opportunities within the City. However, the 
affordability of Gautrain fares by the urban poor compared to other modes of urban public 
transport systems remains questionable. During the Community Social mapping process and 
observations studies, it was observed that Gaubus covers a huge geographical area compared to 
the Gautrain; these are used by a small number of commuters, while masses of people need public 
transport. Its main role is to convey commuters towards and from the Gautrain stations.  Again, it 
was also observed that the Gautrain system has bicycle racks at each station (except at OR Tambo 
International Airport) where one can secure a bicycle and board the train. It also has a pedestrian 
friendly environment with links provided.  
6.3. REA VAYA BUS RAPID TRANSIT (BRT) SPATIAL PATTERNS WITHIN 
JOHANNESBURG 
The Rea Vaya Bus Rapid Transit (BRT) is a fairly new bus system implemented and operational 
in the City of Johannesburg. Its launch in 2009 was met with much uncertainty, but also with 
positivity as a new public transport initiative for the city. The Rea Vaya Bus Rapid Transit System 
(BRT) boasts traffic-beating bus lanes and special enclosed bus stops 'stations' with raised 
platforms and security staff, modelled on similar systems in Latin America. Most Rea Vaya routes 
traverse the Joburg City Centre and connect up to destinations in Soweto and in the West Rand.  
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Johannesburg is one the twelve municipalities which were identified by the National Department 
of Transport to implement Innovative Urban Public Transport Systems under the IRPTN initiative. 
It is therefore essential that the spatial pattern of IRPTN aligned public transport infrastructure 
investments responds to the spatial and socio-economic inequalities. Figure 11 below depicts the 
spatial pattern of the Rea Vaya network.   
 
Figure 11: Rea Vaya Routes and Stations Map [Source: Research Findings, 2020] 
Figure 11 above depicts the expanding Rea Vaya service under the jurisdiction of the Johannesburg 
Metropolitan City in the southern part, connecting the south to the north and the east to west and 
covering a route of about 325 km to date. Rea Vaya is made up of trunk routes that keep to 
designated lanes and are linked by the stations along the route (Scorcia & Munoz-Raskin, 2019). 
In terms of the routes network, the Rea Vaya system operates in Regions B, D and F of the City of 
Johannesburg. It operates in different phases and has systematic hierarchical routes which connect 
micro city centres in the metropolitan city of Johannesburg. Rea Vaya’s Phase 1A started running 
in 2009, with a trunk route operating between Ellis Park in Doornfontein and Thokoza Park in 
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Soweto, linking with several feeder routes in Soweto. Feeder buses run from Protea Glen to 
Thokoza Park and from Eldorado Park to Lakeview. The route covers 325 kilometres of special 
lanes and intersections whilst feeder and complementary buses carry commuters to the trunk route 
stations. The inner-city circular route travels around the CBD, from Hillbrow and Braamfontein, 
to Ellis Park in the east and Chancellor House on the western edge of the city. During the 2010 
FIFA World Cup tournament, some 307 commuters travelled along Phase 1A routes (Venteret al., 
2019).  
The Phase 1B services were rolled out from the 14 October 2013, with routes from Thokoza Park 
through Noordgesig Extension, Westbury, Auckland Park Milpark, Parktown and to Library 
Gardens in the Johannesburg CBD. The route starts in Noordgesig in Soweto, and travels through 
Pennyville, New Canada, Highgate, Auckland Park and Braamfontein, to Parktown, Metro Centre 
and Rissik Street in the CBD. The route has made it possible for commuters to easily reach key 
public healthcare centres such as the Rahima Moosa, Helen Joseph and Charlotte Maxeke 
hospitals, as well as the University of Johannesburg, Wits University, Milpark College, Parktown 
Boys High School and the Barnato Park High School. Feeders run to and from Leaglen, Stormhill, 
Florida, Cresta, Yeoville and Parktown. There are also additional feeders in Soweto from Pimville 
and Mapetla. These routes are currently linked to the Metro Centre Rea Vaya loop, which travels 
to the inner city via Braamfontein.  
The City of Johannesburg’s Rea Vaya Phase 1C will operate from the inner city through Hillbrow, 
Yeoville, Orange Grove, Bramley, Wynberg to Alexandra and Sandton. The construction is 
underway, with the first low flow station nearing completion close to the current Johannesburg Art 
Gallery station. In total, 1 station with 4 interchanges will be constructed to enable commuters 
from Soweto and from other modes of public transport such as Metrobus, Gautrain buses, and 
Metrorail to connect Rea Vaya services conveniently to Alexandra and Sandton. Trunk (main) 
roadways and associated bridges are built for safe travel. Over 10 000 people walk between 
neighbouring Alexandra and Sandton every day. The City of Johannesburg is therefore bringing 
pro-poor, high-quality public transport that is safe, affordable and reliable to the people of 
Alexandra and Sandton, it is also making walking and cycling easier, safe and more convenient 
for the people. A total of 109 articulated and 32 rigid buses will operate the service.  
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Plans also include extending the Phase 1C route from Sandton to Randburg by 2018 (this was not 
yet been completed), and possibly extending the trunk route from the Soweto Highway to 
Dobsonville, enabling feeders to services areas such as Braamfisherville. Construction for the 
routes and stations has already started in the Sandton area.  The Rea Vaya trunk routes from the 
CBD to Sunninghill through Oxford Road and Ivory Park to Sunninghill is currently being 
prioritised since 2018. The three interchanges will be at Sandton, Alexandra and Westgate, where 
a number of station modules will be clustered and there will be integration with other modes of 
transport, including walking and cycling.  With its intention to be one of the most sustainable forms 
of public transport in the city, the Rea Vaya is noted as cost effective, safe and relatively reliable. 
It is considered as an inherent component of the city’s future urban form, as it is one of the main 
elements of the Corridors of Freedom initiative. 
6.4. METRORAIL SPATIAL PATTERNS WITHIN JOHANNESBURG  
Metrorail is a network of commuter rail services in Gauteng province, serving the Johannesburg, 
Ekurhuleni and Pretoria metro areas. It is operated by Metrorail, a division of the Passenger Rail 
Agency of South Africa (PRASA). Metrorail routes spread out across the province from three 
main hubs: Park Station in Johannesburg, Germiston Station on the East Rand, and Pretoria 
Station. Routes serve Central Johannesburg, the East Rand, Soweto, the Vaal Triangle, the West 
Rand, central Pretoria and suburbs to the north, east and west of Pretoria. The illustration below 




Figure 12: Metrorail Routes and Stations [Source: Research Findings, 2020] 
As depicted on the above figure 12 significant areas not served by Metrorail are the northern 
suburbs of the city, including Rosebank, Fourways, Sandton, Alexandra, Randburg and Midrand. 
Some of the northern suburbs of Johannesburg are now served by the new Gautrain rapid-rail 
system. However, the commuter rail in the City of Johannesburg has been in steady decline over 
the past two decades due to a continued lack of investments. The current system is blighted by 
poor quality service, safety concerns, poor reliability, uncompetitive journey times and 
overcrowding and a general lack of integration with other modes of public transport.  
At provincial level, the current reality is that Metrorail stations in Gauteng do not contribute 
positively in terms of development planning, with stations often avoided due to the negative 
perception of the general public. PRASA has completed a New National and Gauteng Rail 
Strategic Plan in 2012 that aims to guide infrastructure investment into specific identified 
corridors.  In terms of rail in Gauteng, the goal is to upgrade and transform the existing rail network 
into high-volume corridors more suitable for Transit-Oriented Development. Rail is also proposed 
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by the newly adopted Gauteng Integrated 25 Year Transport Master Plan as the future backbone 
of urban development in Gauteng. In short, the intervention will consist of New upgraded rolling 
stock (more seating and standing capacity); New facilities at stations include platforms, upgraded 
ticketing and security systems and additional tracks on certain sections to alleviate bottlenecks in 
the wider network. They offer increased frequency and speed on certain sections and improved 
modal interchanging facilities at key stations to increase catchment area. The highest propriety 
corridor includes the core Gauteng network linking Mabopane in Tshwane via, Pretoria, 
Germiston, Park Station, New Canada and Naledi/Midway Stations in Soweto.  
6.5. METROBUS SPATIAL PATTERNS WITHIN CITY OF JOHANNESBURG 
The City of Johannesburg Metropolitan City has its own bus service called the ‘Metrobus’, 
incorporated in 2000. The City appointed Metrobus in terms of the Service Delivery Agreement 
to provide bus transport services to the residents of the city. Metrobus therefore operates in 
furtherance of the City’s legislative mandate concerning public transport and is guided periodically 
by the strategic direction of the City, as derived from the Integrated Development Plan and the 
Provincial Growth and Development Strategy. The Corridors of Freedom and Integrated Transport 
Plan are amongst some of the strategic objectives of the City, where Metrobus has a pivotal role 
to play as a provider of public transport. It has been identified as the main mode for a conventional 
bus service in the Strategic Integration Transport Plan Framework (SITPF). A variety of Metrobus 
buses operate in Johannesburg, ranging from double deck and single deck, buses equipped with 
hydraulic lifts for wheelchairs, open deck and luxury coaches. This municipal public bus service 




Figure 13: Metrobus Routes and Stations [Source: Research Findings, 2020] 
Metrobus has divided its coverage of the city into concentric zones, radiating out from the CBD. 
At the same time, most of the routes begin from the inner-city bus terminals in zone 1, with longer 
trips traversing a number of various zones. For instance, a trip from the CBD to Midrand could 
cross different zones up to eight times. Thus, the public transport service through the coverage of 
routes transports thousands of commuters daily, fulfilling its primary task which is to carry massive 
numbers of commuters from one part of the part of the city to their destination safely, affordably 
and timeously.   
6.6. SPATIAL CONNECTIVITY OF PUBLIC TRANSPORT SYSTEMS   
The results of this study and lessons learnt from international experiences reveal that innovative 
urban public transport systems are at the centre of improving the state of urban mobility through 
multimodal integration for spatial connectivity.  The principles of accessibility, affordability, and 
reliability serve as key indicators of their efficiency in any given city (Daraio et al., 2016). This 
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section presents the extent of urban public transport networks integration in the City of 
Johannesburg. Figure 14 below illustrates that there are restricted areas where the rail and route 
networks of urban public transport systems operational in Johannesburg are spatial integrated. 
 
Figure 14: Urban Public Transport Network Integration [Source: Research Findings, 2020] 
At present, the Johannesburg Metro Bus divides its city’s coverage into concentric zones radiating 
out from the CBD (Lionjanga & Venter, 2018). The Greater part of the Metrobus routes begin 
from the inner-city transport terminals in Zone one, with longer trips crossings various zones. 
Metrorail serves central Johannesburg, Roodepoort, Soweto and Orange Farm, but blighted by 
poor quality service.  The Gautrain services the Johannesburg CBD towards upper areas of the 
city, such as Sandton, Rosebank, Midrand, Fourways and Randburg. While the Rea Vaya BRT 
does not have networks servicing these areas, its Phase 1A has a trunk course working between 
Ellis Park in Doornfontein and Thokoza Park in Soweto, connecting with various feeder routes in 
Soweto. The Rea Vaya Feeder buses run from Protea Glen to Thokoza Park and from Eldorado 
park to Lake view. The Rea Vaya has enhanced availability to economic open doors for spaces 
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which were once spatially segregated in the city of Johannesburg. As can be perceived, with the 
route network spilling out towards Soweto, and moving upwards towards the CBD of 
Johannesburg. The greater part of the Rea Vaya stations appears to be very much situated within 
the high commuter concentration zones.  
There is little to no collaboration between Gautrain, Rea Vaya, Metrorail and Metrobus since they 
are developed and offer their service separately. Thus, the current Johannesburg public transport 
network is spatially disintegrated, and this introduces a knowledge gap of how to interface 
commuters with areas of economic activities. It is apparent from modern-day scholars (Risimati 
& Gumbo, 2018; Moyo & Musakwa, 2017) that the network connectivity of the urban public 
transport modes should prompt enhanced inter-connectivity of economic nodes, service delivery 
and improve quality of life. Thus, for the Johannesburg Metropolitan City to promote smart 
mobility, there is a requirement for the development of planning supportive networks which direct 
the development and connectivity of current and future urban public transport modes.   
To ensure accuracy in spatial connectivity of urban public transport, stations for various modes 
were merged into one shapefile. Using focal statistics analysis, a heat map was created to visualise 
the hot spots of urban public transport services in the city (see figure 15). A clear distribution of 




Figure 15: Urban Public Transport station concentration heat map in Johannesburg [Source: Research 
Findings, 2020] 
A concentration belt can be seen stretching from the CBD, growing outwards; as noted in the 
previous chapter these locations are along the transportation corridors. Another noticeable hot spot 
is in Soweto. These hot spot sites can be used as a means to justify the introduction of new 
economic investments in and around these sites, as there is a high level of commuters in these 
areas. Likewise, due to the pattern of economic developments along these major transportation 
routes, nodes can be created around the hot spots, as these have grown to become key points of 
interest of commuters in the city. However, there is also a need to conduct a neighbour analysis to 





6.6.1. Analysis of Urban Public Transport Networks Integration in the Inner City 
There are three possible route networks integration points in the Inner City of Johannesburg (Inner 
City Integration Point A, B and C). Inner City Integration Point A is located near Parktown and 
Hillbrow. It has the potential to serve as an interconnection of Public transportation for the 
educational and health institutes such as the University of Witwatersrand and Parktown Hospitals. 
The Gaubus routes, Metrobus as well as the Rea Vaya routes should also be noted as essential 
feeders in this area. Parktown is historically known as the first suburb in northern Johannesburg, 
within close proximity to employment opportunities whilst still maintaining a quiet residential 
area.  
Inner City Integration Point B is located in Braamfontein, within close proximity to the University 
of the Witwatersrand, several tertiary colleges and the Park Station transportation hub. Given 
Braamfontein’s history of being a trendy suburb with a big student community, the promotion of 
multi-modal transportation is in this Integration point. Inner City Integration Point C is located 
near Marshalltown, Doornfontein and Ferrierasdorp. It functions as a centre for the administration 
hub of the inner city. Integration Point C also has the potential to connect the financial and business 
centres with the high-density residential areas of the inner city. Figure 16 below illustrates the 




Figure 16: Inner City Urban Public Transport Network Integration [Source: Research Findings, 2020] 
6.6.1.1. The function of the Inner-City Integration Point A 
Inner City Integration Point A is located near Parktown and provides interconnection of public 
transport for educational and health institutions such as the University of Witwatersrand, Nelson 
Mandela Children’s Hospital, Park Lane Hospital and Charlotte Maxeke Academic Hospital. The 
area is neighbour to the high-density residential areas of Hillbrow, Yeoville and Berea. The 
Gaubus routes, Metrobus as well as the Rea Vaya routes are essential feeders and distributor routes 
in this area. Figure 17 below illustrate interconnection between Gaubus, Rea Vaya and Metrobus 




Figure 17: Inner City urban public transport routes Integration Point A [Source: Research Findings, 
2020] 
As depicted in the above figure 17, Gaubus, Rea Vaya and Metrobus in this area provide mobility 
for students, workers and patients from various locations (mostly from Park Station) to educational 
or health institutions. Indeed, the existing urban public transport networks are spatially integrated. 
However, there is no sharing of infrastructure amongst these three modes of urban public transport, 
as they operate independently in this area. It would thus be of benefit for the three modes to partner 
towards promoting multi-mobility and sharing of infrastructures in this area. This would integrate 
transport towards areas of education and healthy institutions.  
6.6.1.2. The function of the Inner-City Integration Point B 
Inner City networks integration Point B, the Johannesburg Park Station which is situated at the 
Johannesburg CBD functions as a vibrant intermodal transport node. It is a major public transport 
interchange, where public transport routes integrate, and commuters come from all over 
Johannesburg, South Africa, Africa, or transfer from trains and buses to minibuses. Given that 
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Johannesburg Park Station is a prominent transport terminal, distribution terminals in the form of 
bus stations, rail stations and taxi ranks are situated in close proximity to the Park Station precinct. 
The station provides access to the Johannesburg inner city and well-established high-density 
residential land uses that have undergone significant regeneration in recent years. The Gautrain, 
Gaubus, Rea Vaya, Metrobus and Metrorail routes should also be noted as essential feeders and 
distributor routes in the area (see figure 18). 
 
Figure 18: Inner City urban public transport routes Integration Point B (Johannesburg Park Station) 
[Source: Research Findings, 2020] 
As depicted in the above Figure 18, the Johannesburg Park Station provides for an integrated and 
effective routing and circulation which reduces the number of transfers required by commuters. It 
ensures safety for higher numbers of commuters; it promotes the use of public transport and non-
motorised transport and encourages the integrated development of surrounding land uses. Each 
transport mode at the station supports the others by helping to redistribute commuters who 
overlapped among them and caters for commuters’ requirements and demand.  The station draws 
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large commuter flows in a short time, generally during the peak hours, when numbers of trains, 
buses and long-distance commuter transport arrive. These commuters are distributed to their 
destinations by various modes of transport such as Gaubus, Rea Vaya, Metrobus or walking, which 
is also supported by the surrounding road networks.  Findings from key informant personnel from 
the municipality revealed that the station was planned to take into consideration the demand for 
gathering and distributing commuters. The station is surrounded by an existing ring road network 
which integrates surrounding roads with interchanges and the South and North Johannesburg 
roads. The ring has three access points, which help reduce traffic congestion because of the large 
commuter flows on the surrounding road network. 
Currently, plenty of middle-income residents in Johannesburg have abandoned private 
automobiles in favour of public transport. Further, the prospect of an integrated system of the Park 
Station and accompanying land use persuades many of the residents to rely on public transport for 
most trips. This is effectively lessening the negative impacts of automobile use, for instance urban 
congestion, inefficient use of resources and poor air quality.  The location of business nodes and 
commercial activities near the Park Station also assists the growing trend towards ‘trip chaining’ 
between work and home. Moreover, another potential benefit of Park Station is the improvement 
in the quality of public transport services feeding into the city. Park Station plays an essential role 
in safer, more efficient, off-street boarding and alighting and better travel times, particularly during 
rush periods. Furthermore, if the Rea Vaya bus can improve the time intervals between buses and 
the reliability of the bus service, it will offer opportunities to extend the catchment areas of 
Gautrain and Rea Vaya stations and increase the importance of bus feeder systems.   
Analysing transit mode share within the range of influence of the interchange hub enables planners 
to manage traffic demand as well as passenger behaviour. It should be noted that non-motorised 
transport, such as walking, cycling and other variants has not been considered when calculating 
the transit mode share for public transport interchange stations in South Africa.  Almost all public 
transport in Johannesburg does not contain parking spaces for bicycles. These bicycle parking 
areas were subsequently reduced for the following reasons: (i) cycling has gradually been replaced 
by perceived ‘convenient’ methods of transport, such trains, buses and private cars; (ii) the volume 
of private vehicles is rapidly increasing, and private vehicles have proven to be more popular than 
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bicycles; (iii) cycle parking provision should be improved, but there is a high risk of bicycles 
getting stolen when commuters leave them in station overnight. 
6.6.1.3. The function of the Inner-City Integration Point C 
Inner City Integration Point C includes areas such as Marshalltown, Gandhi Square, Carlton Centre 
and Ferrierasdorp. It is a both a popular tourist attraction, and a busy urban hub of administration, 
commercial, retail activities and high-density residential areas of the inner city. It is situated in the 
Johannesburg Inner City, recapturing its position as the financial and business centre of the major 
city. The area is neighbour to the cultural centres of Newtown, Westgate and Jeppestown. The 
integration point is part of the city’s history and is reclaiming its strategic relevance in the social 
and economic development of the city. It is fast assuming its rightful position as the continent’s 
powerhouse. It is about 25 minutes from both Sandton (a commercial epicentre) and the OR Tambo 
International Airport, which welcomes millions of international visitors every year. Figure 19 





Figure 19: Inner City urban public transport routes Integration Point C [Source: Research Findings, 
2020] 
The Gaubus, Rea Vaya, Metrobus and Metrorail routes, as illustrated in Figure 19 should also be 
noted as essential feeders and distributor routes in the area. The inner-city integration point C acts 
as the main central bus terminus for Metrobus. Additionally, the Gaubus and Rea Vaya routes 
networks are integrated in this area, allowing public transport commuters to switch between modes 
smoothly at a short walking distance. Again, there is still no sharing of infrastructure amongst the 
urban public transport modes. The public transport morning peak-hour demand in this integration 
point is predicted to reach about 617 000 commuters by 2040, from 298 000 in 2010 (CoJ IDP, 
2017/18). With public transport demand expected to be higher by 2040, the City of Johannesburg 
is increasingly prioritising investment in public transport infrastructure and services across 
metropolis. The City has realised that enhancing mobility through the provision of reliable public 
transport will play a key role in improving its economic viability.  The Johannesburg Transport 
Department is thus making the use of urban public transport and non-motorised transport as an 
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increasingly attractive and viable option through strategic public transport infrastructure 
development and investment initiatives.  
6.6.2. Analysis of Urban Public Transport Networks Integration in the Soweto  
Soweto is one of the more densely populated areas in Johannesburg, already housing more than a 
third of the City’s current population. There is also evidence of a growing middle class. The low 
density-built form leaves spaces for densification strategies especially around defined nodes, both 
mixed use and TOD. In terms of public transport, Soweto is serviced by Rea Vaya, Metrobus and 
Metrorail; and is in relatively close proximity to the metropolitan core. Metrorail operates 
commuter trains between Soweto and Inner City. Soweto train stations are at Naledi, Merafe, 
Inhlazane, Ikwezi, Dube, Phefeni, Phomolong, Mzimhlophe, New Canada, Mlamlankunzi, 
Orlando, Nancefield, Kliptown, Tshiawelo and Midway. Existing Metrorail stations and Rea Vaya 
Station open possibilities for mixed use transit-oriented development. Street networks are well 
connected internally with high levels of walkability. Figure 20 below depicts potential areas of 




Figure 20: Soweto urban public transport routes Integration Point [Source: Research Findings, 2020] 
With reference to the above Figure 20, the existing network and station infrastructure Rea Vaya, 
Metrobus and Metrorail can open possibilities for mixed use transit-oriented development. 
However, there is currently no sharing of infrastructure, and street networks are well connected 
internally with high levels of walkability. The Metrobus within Soweto covers specific routes to 
accommodate people with disabilities, offering them a service to and from work. There are six 
Metrobus buses that run along the following routes within Soweto: Soweto to Eldorado Park, 
Soweto to Johannesburg, Naturena to Johannesburg and Johannesburg to Sandton. The Rea Vaya 
assists with the daily transport of workers from Soweto to Johannesburg and around the City. The 
Rea Vaya route in Soweto starts in Noordgesig and travels through Pimville, New Canada, 
Highgate, Auckland Park and Braamfontein to Parktown, plus the Metro centre and Rissik Street 
in the CBD. This route makes it possible for commuters to easily reach key public healthcare 
centres such as the Rahima Moosa, Helen Joseph and Charlotte Maxeke hospitals. Commuters 
using the route also gain easily access educational institutions and workplaces. Rea Vaya feeder 
120 
 
buses run from Protea Glen to Thokoza Park and from Eldorado Park to Lake view. The intermodal 
hub at Park Station links Metrorail, Metrobus and Gautrain services.  
6.6.3. Analysis of Urban Public Transport Networks Integration in the Rosebank  
Rosebank is a vibrant multi-cultural district, business node and tourist attraction, and it is a 
cosmopolitan commercial and residential suburb to the north of central Johannesburg. It is located 
in Region B of the City of Johannesburg. It is home to many head offices, and also provides an 
abundance of entertainment to its residents and visitors at a variety of superb shopping malls, 
pavement cafes, world class restaurants, markets, luxurious hotels, cinemas, art galleries. Due to 
its compact size, visitors, residents and workers can walk the area, enjoying the outdoor 
atmosphere enroute to their destination. One of the latest and undoubtedly most exciting 
developments to take place in the area, is that of the Gautrain Rapid Rail Transport System, for 
which Rosebank has been selected to serve as the location for one of the five stations. Gautrain 
operates a train from Park to Rosebank every 15 minutes. Metrobus operates from the corner of 
Jan Smuts Avenue and Empire Road in Braamfontein to the corner of Jan Smuts Avenue and 
Tyrwhitt Road in Rosebank. Figure 21 below depicts areas of Metrobus, Gautrain, and Gaubus 




Figure 21: Rosebank urban public transport routes Integration Point [Source: Research Findings, 2020] 
As depicted in Figure 21, existing Gautrain and Metrobus networks are spatially integrated, 
however there is no sharing of infrastructure between these modes of urban public transport as 
they operate independently in this area. The greater part of the Gautrain and Metrobus stations is 
situated within the high commuter concentration zones. Thus, the partnership between the two 
modes would be of benefit for promoting multi-mobility and sharing of infrastructure in Rosebank.  
Within the planned construction of the 20 km cycle lanes linking Rosebank, Melrose Arch and the 
parks, the area is in line with the City’s plan of embracing alternative modes of transport.  
6.6.4. Analysis of Urban Public Transport Networks Integration in the Sandton City  
Sandton is a node that continues to be South Africa’s premier office location, and it is anticipated 
to grow slowly and steadily. It has become the largest financial district of South Africa and is 
Johannesburg’s most prominent business centre. Evidence supporting this statement is the 
presence of banking head office buildings such as Nedbank, Deutsche Bank and the Johannesburg 
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Stock Exchange located on Maude Street. Sandton continues to attract investment from 
commercial and investment banks, financial consultants, legal firms and corporate head offices. 
Currently under construction are Sasol and Old Mutual headquarters and a new building for 
Discovery Health. The node attracts daily commuters from all over Gauteng province.  People 
travel not only from the neighbourhood adjacent to Sandton but from places as far away as Pretoria 
north, Roodepoort, Benoni, Vanderbijlpark and the East Rand. Figure 22 below illustrates areas of 
the urban public transport network in Sandton. 
 
Figure 22: Sandton City urban public transport routes Integration Point [Source: Research Findings, 
2020] 
As illustrated in the above Figure 22, there are areas where urban public transport network is 
integrated within the Sandton City, although the system does not share infrastructure. The 
challenge for Sandton is to facilitate continuous development growth in the context of additional 
travel demand and a limited transportation network that cannot be expanded easily. Transport 
infrastructure providing access to these nodes was initially designed to accommodate residential 
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land uses and at most limited commercial land uses. To accommodate increased travel demand, it 
was possible to widen existing roads and sometimes even to establish one or two new links, 
creating more capacity on the transport network. However, in time, most of the road upgrade 
opportunities have been exploited (i.e., the additional through lanes, left slip lanes and right turning 
lanes have been constructed). The node is prone to traffic congestion during peak times. However, 
some of this congestion may be alleviated in the future as a result of the continued improvement 
in infrastructure along with the well-established public transport system which is offered within 
the Sandton area, inclusive of the Gautrain Station and bus feeder routes. 
Sandton Central is a key destination in the R3 billion Phase 1C of Rea Vaya, which began 
construction in 2014. This phase comprises 16 k of dedicated trunk route that extends Rea Voya’s 
route from Parktown to Alexandra and on to Sandton and beyond, with further complementary and 
feeder routes to and from areas including Sunninghill, Midrand and Ivory Park. The Rea Vaya 
infrastructure also features 30.5 km of walking and cycling paths and a dedicated cycle and 
walking path from Alexandra to Sandton.  The system also creates interchanges that link with other 
modes of transport, such as Metrobus, and minibus and metered taxis as well as walking and 
cycling. Phase 1 C includes a number of interchanges in Sandton Central, Alexandra and the CBD. 
The Sandton Central interchange creates a new transport system that also includes the Gautrain. 
The City’s official who was interviewed  outlined that “Rea Vaya will have at least two stations in 
Sandton Central; making it easier to get around Sandton Central, and commuters will be able to 
get on and off buses along the public transport loop, with dedicated kerbside bus lanes. There will 
be several stops along the route, which begins at the Katherine Drive Rea Vaya median station, 
turns rights into West Street, then right into Rivonia Road, and proceeds left into Fredman Drive, 
the left into Fifth Street and left to the Rivonia Rea Vaya station beside the Sandton Gautrain 
Station”.  With Rea Vaya, the City of Johannesburg is adding to the transport modes in Sandton 




6.7. CHAPTER CONCLUSION   
This chapter has deliberated on the spatial patterns of urban public transport systems within the 
City of Johannesburg. Spatial analysis of both forms of innovative urban transport systems (Rea 
Vaya and Gautrain) and traditional urban public transport systems (Metrobus and Metrorail) were 
conducted. Urban public transport systems spatial connectivity was discussed with reference to the 
effects of urban public transport mobility. this chapter explored the extent of routes network 
integration of Gautrain, Rea Vaya, Metrobus and Metrorail within the Johannesburg urban public 
transport system. The results indicate that there are limited spaces where networks of urban public 
transport systems are integrated, and large sections of the networks are disconnected. In particular, 
the existing transport networks are spatially segregated and there is no partnership between the 
four modes of public transport since they operate independently. The results can further be used 












SPATIAL INTEGRATION OF NON-MOTORISED TRANSPORT (NMT) 
AND URBAN PUBLIC TRANSPORT INFRASTRUCTURE  
7.1. INTRODUCTION  
Improvement of urban public transport integration begins with involving the all-inclusive 
transportation chain instead of only focusing on one part of the journey; facilitating spatial 
integration between diverse transport modalities (including commuting, walking and cycling) to 
allow for a multiplicity in travel opportunities.  This chapter presents key findings consisted with 
objective three (3), which is to analyse the extent of spatial integration between non-motorised 
transport and urban public transport infrastructure in City of Johannesburg. The chapter presents 
the spatial coverage and patterns of non-motorised transport infrastructure and unpacks the extent 
of spatial integration of non-motorised transport and urban public transport infrastructure within 
Johannesburg.  It was very critical for this chapter to assess the implementation of cycling 
infrastructure in the City of Johannesburg with a closer look at the progress since the Orlando Pilot 
project. In addition, Transit-oriented development as a strategy has been discussed in this chapter. 
This strategy attracts more people within walking or cycling distance to transport, as well as 
creating employment opportunities. It promotes public transport ridership and mobility in 
Johannesburg. 
7.2. THE CASE FOR NON-MOTORISED TRANSPORT IN CITY OF JOHANNESBURG 
The City of Johannesburg Non-Motorised framework (NMT) was adopted in February 2009 and 
currently the Johannesburg Integrated Transport Plan (ITP) and the Growth and development 
Strategy (GDS,2040) promote commuter cycling as well as related investment in a cycling 
infrastructure. Specifically, the NMT Framework promotes such an infrastructure with Gautrain, 
Rea Vaya, Metrorail, and Metrobus stations the 2013 ITP also calls for bike-share as a means for 
increasing the availability of bicycles. Cities around the world have introduced bike-share for a 
variety of reasons: London for instance reduced overcrowding on public transport, while Mexico 
City alleviated congestion on roadways. The origin bike-share program introduced in Amsterdam 
in 1965 was motivated by staunch opposition to consumerism, but today the scheme is financed 
126 
 
through corporate sponsorship. For Johannesburg, bike-share is driven by a pro-poor post-
apartheid agenda of spatial transformation and sustainable development.  
The City’s NMT framework identified ten potential cycling routes, two of which were realised in 
2014. The first of these cycling routes began with Orlando Pilot project, with a 5 km route that 
starts at the Noordgesig Clinic, takes in the Orlando Stadium, Metrorail and Rea Vaya stations, 
and seven schools; and later a 4 km lane between the university of Johannesburg and University 
of Witwatersrand.  Other plans included a 3.5 km dedicated lane between Alexandra and Sandton, 
and a 20 km lane linking the business districts of Rosebank, Melrose Arch and Sandton (City of 
Johannesburg, 2014). Bicycle infrastructure and pedestrian bridges are currently planned and are 
being implemented for Alexandra, Wynberg, Sandton, Linbro Park, Rosebank, Zandspruit, Cosmo 
City, Northgate, Kaya Sands, Diepsloot, Fourways, Ivory Park and Midrand. These cycling 
interventions occurred alongside substantial investment in the Rea Vaya as well as the Gautrain.  
Alongside these interventions, the City aims to make Johannesburg Africa’s first cycle-friendly 
megacity through a series of infrastructure investments based on an ambitious plan dubbed the 
Corridors of Freedom. In addition, this is part of a “Complete Street” approach, which recognises 
that streets are not only for vehicles.  
Accordingly, the City’s official during the interview said that “ Our goal is to have a dedicated 
network of high quality pedestrian and cycling routes that extends across the City connecting work, 
school and home destinations, which can also be used for recreational facilities”. The official said 
that cycling will be another mode of mobility in the City in future, and residents of all ages and 
classes will opt for a cleaner, more affordable and healthy form of movement. As such, the City is 
also committed to making walking, cycling and public transport the mode of choice for City 
residents. The commitment is based on the fact that cycling can be a meaningful mode of transport 
for workers and learners who live between 2.5 and 6 km from their places of work or learning or 
further if integrated with public transport. It reduces congestion, CO2 emissions and noise in the 
City’s neighbourhoods and improves air quality, fitness and health of communities. Cycling is 
excellent for mental health; it makes people feel great and having more people on streets walking 
and cycling breaks down barriers and improves active citizenry. The City has adopted an approach 
of Complete Streets or completing our streets with cycle lanes, public art, street lighting and others. 
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In respect of cycle lanes four different classes have been identified: Class 1- Completely 
Dedicated; Class 2 – Dedicated on Sidewalk; Class 3 – Dedicated on road surface; and Class: 4: 
Shared on road surface. 
7.2.1. Cycling Infrastructure: Orlando Soweto 
Recently, the City of Johannesburg, as one of the beneficiaries of the NMT (Non-Motorised 
Transport) grant by the German Development Bank has constructed 5 km of dedicated cycle lanes 
in Orlando, Soweto. The first phase of the funding was utilised in the development of the NMT 
along the Mooki and Madhlala Streets so as to create a link between the communities of 
Noordgesig and Orlando. The city is now connecting the Phase 1 NMT infrastructure with public 
amenities such as the Soweto University of Johannesburg Campus, Maponya Mall precinct, 
Mofolo NMT and others. The primary objective of the precinct is to create a more liveable 
neighbourhood that creates high quality NMT links, to develop community infrastructure and to 
implement security measures in Soweto. The route will start at Maponya Mall from the Mholoka 
Street and Chris Hani Drive intersection on the Southern side of the road towards UJ Campus and 
Chris Hani Drive intersection. From here, the route will cross the road to the Northern side of Chris 
Hani Drive and terminate at Immink and Chris Hani Drive intersection (Bara Taxi Rank), and from 
the Chris Hani Nicholas Street intersection up towards Madhlala Street on the Western side.     
7.2.2. Cycling Infrastructure: Inner City  
Johannesburg have implemented 15 km dedicated cycle lanes in the inner-city streets as part of a 
University Corridor mostly from Doornfontein to Melville and extensions to Westdene, 
Sophiatown, Langlaagte and Hillbrow. The inner-city dedicated cycle lane connects students and 
staff members of both UJ and Wits with surrounding residential and retail areas. It is imperative 
that the infrastructure provided is according to the minimum standards that need to be justified to 
accommodate the specific needs of pedestrians.  These patterns have a direct influence on route 
choice preference, ease of movement and legibility within urban environments. Different areas 
within the Inner City are currently characterised by different types of streetscape and layouts which 




Sidewalk facilities have been provided on most Class 2 and Class 3 roads but are inadequate as 
the network is discontinuous and poorly maintained. In many cases, street furniture has reduced 
the effective width of sidewalks. No dedicated cycle facilities currently exist though the City of 
Johannesburg is currently implementing cycle lanes in selected areas. Walking distances from 
several Rea Vaya Stations indicate the impact of large barriers such as the University campuses 
and the natural ridges within the corridor. Though situated no more than 400m from the station, 
certain locations in Brixton are more than 2km in terms of walking distance from the nearest 
station.  
7.2.3. Cycling infrastructure: Alexandra to Sandton  
The City is bringing pro-poor high-quality public transport that is safe, affordable and reliable to 
the people of Alexandra and Sandton. Also, it is making walking and cycling easier, safer and 
more convenient. For example, the City of Johannesburg have implemented 5 dedicated walking 
and cycling lanes from Alexandra to Sandton, including the Grayston pedestrian and cyclist bridge 
to enable walking and cycling over the M1 highway. The bridge provides a convenient and safe 
walking and cycling trip for people moving between Alexandra, Wynberg and Sandton Central 
daily. According to the City of Johannesburg official interviewed, over 10 000 people walk over 
the bridge between neighbouring Alexandra and Sandton Central every day.  
The bridge is part of a 5 km dedicated walk and cycle route that starts in No. 3 Square in the heart 
of Alexandra and ends in Sandton Central. The route also intersects with the Watt Street Rea Vaya 
station, which is situated right next to the Pan Africa Mall. Thus, it helps people walk safely to this 
important station which connects Alexandra with the Inner City and Sandton Central. In addition, 
other bridges are available such as the ones at Marlboro and Katherine Drive over the Zandspruit 
River and sidewalks in Alexandra and the Sandton CBD. Thus, these three bridges together with 
sidewalks in Alexandra and Sandton promote the growth of a spatially integrated Johannesburg 
and encourage a move towards non-motorised forms of transport in the city.  
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7.2.4. Cycling infrastructure: From Rosebank  
The City of Johannesburg had budgeted R70 million for the construction of the 20 km cycle lanes 
linking Rosebank, Melrose Arch, the Parks and Sandton. Interviews with City officials revealed 
that the routes would enable cyclists to ride from Rosebank to Sandton, Rosebank to Melrose Arch 
through Melrose and Birdhaven. The route would pass the Wanderers Gym area on a loop from 
Rosebank to Saxonwold, then to Parkview, Zoo Lake, Greenside, Parkhurst and on to the 
Braamfontein Spruit mountain bike trail at Victory Park. The return to Rosebank will be along 
Chester and Baker roads.  The lanes are in line with the City’s plan of embracing alternative modes 
of transport. The City of Johannesburg official further said “a seamless transport system where 
people can switch from the Gautrain to the Metrobus or Rea Vaya, to taxis to cycling and walking, 
will significantly reduce the volume of private transport usage in the City.  
7.2.5. Cycling infrastructure: Diepsloot to Fourways and Others  
The cycling infrastructure has been completed by the City of Johannesburg from Zandspruit to 
Honeydew; and the Diepsloot to Fourways cycle sidewalk has been constructed. The City of 
Johannesburg has opened the Ingonyama Bridge in Diepsloot on 31 March 2013. The work 
undertaken in the area included paving of sidewalks. The City of Johannesburg’s development 
programme for Diepsloot intends to establish the area as a socially, economically and 
environmentally sustainable human settlement that is spatially integrated with access to basic 
services and opportunities for social mobility and economic development.  
7.2.6. Complete Streets in Johannesburg  
The City of Johannesburg has design dedicated cycle lanes as part of complete streets in Orange 
Farm, Diepsloot, Zola and Ivory Park (Midrand) with a focus on schools. It has developed an 
Integrated Transport Network which will include a long-term cycling and freight network. 
Joburg’s liveability is highlighted in the Growth and Development Strategy (GDS 2040), which 
serves as a guideline to creating a city that will be inclusive and sustainable in the future. During 
the consultative sessions for Joburg’s Growth and Development Strategy, cycling was among the 
potential solutions to congestion on the city’s roads.  
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7.3. SPATIAL STATISTICS ANALYSIS OF NON-MOTORISED TRANSPORT 
The total number of cycling trips recorded by Strava Metro in Johannesburg was 101141 for the 
year 2019. Only about 20% of the cycling trips recorded are for commuting, whilst recreational 
trips account for approximately 80% of the trips in the City. It was observed during the study that 
the highest number of cycling trips are in the summer months of the year (9880), September (7786), 
October (8928), November (10997), December (6578). In the middle of winter (June and July 
months) the patterns were common for both recreational and commuting cycling patterns. During 
the day, the cycling trips follow a discernible pattern, where most cycling activities peak in the 
early morning hours between 06:00 am and 09:00 am and peak again between 15:00pm and 
17:00pm for both recreation and commuting.  
The drawback of conventional and traditional methods of data collection techniques for cycling 
patterns such as traffic counts, is that they cover a limited spatial extent and are often cumbersome 
to conduct. With Strava Metro data, this is circumvented, as it covers a broad spatial extent 
(national, provincial and local) and it is regularly updated.  Figure 23 illustrates the spatial 




Figure 23: City of Johannesburg Cycling Activities in the Year 2019 [Source: Research Findings, 2020] 
The above Figure illustrates the spatial coverage of cycling in Johannesburg. It was observed 
during the study that highest number of cycling activities in the City are recreational, with 
commuting activities in Sandton, Randburg, some parts of Midrand, Park Town, Auckland Park, 
some parts of Soweto and Vlakfontein. Lanseria and some parts of Soweto located in the south are 





Figure 24: City of Johannesburg Cycling Activities in the Year 2019 [Source: Research Findings, 2020] 
It was observed during the study that the northern and northwest suburbs such as Parkview, Hyde 
Park, Sandton, and Randburg comprise the highest number of cycling activities; with between 
5775 and 7922 cycling trips recorded in 2019(Figure 24). The cycling in Hyde Park and adjacent 
suburbs in Sandton are the hot spots of cycling activities in the city. This pattern is also large in 
both recreational and commuting cycling. Areas such as Roodepoort, Kaya Sands, Fourways and 
Midrand ranged between 1635 and 5774 cycling activities. The cycling cold spots with limited or 
no cycling activity are mostly the Johannesburg CBD and the South of Johannesburg except for 
Kibler Park South East of Johannesburg which is a Cycling hot spot for both recreational and 
commuting activities. Therefore, this dataset is quite valuable because it can be used to inform 
evidence-based planning and guide infrastructure planning, unlike the current scenario where 
cycling lanes were built in the Johannesburg CBD which is a cycling cold-spot. As a result, other 
road users such as cars and pedestrians are now using the cycling lanes.  
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7.4. SPATIAL INTEGRATION OF NON-MOTORISED TRANSPORT AND URBAN 
PUBLIC TRANSPORT SYSTEMS  
During the study, it was revealed that most of commuting, cycling and walking operations are 
spatial disintegrated with limited to no sharing of infrastructure between commuting, cycling and 
walking in the City.  The Gautrain, Rea Vaya, Metrorail and Metrobus in Johannesburg are also 
spatially disintegrated with the cycling activities. In most of public transit stations, there are no 
adequate cycling and walking infrastructures, and public transport stations are not well accessible 
for non-motorised transport. Thus, this affects the convenience of switching from either non-
motorised to urban public transport systems or urban public transport.  The results further 
demonstrate that the public transport interchange hub of the City, the Johannesburg Park Station 
is the most integrated that is serviced by both non-motorised and urban public transport systems. 
The public transport commuters at the station switch smoothly from one mode to another mode of 
transport at a short walking distance. Figure 25 below illustrates the spatial coverage of Urban 
public transport systems and the concentration of cycling activities.  
 
Figure 25: City of Johannesburg Spatial Coverage of Urban Public Transport Modes and concentration 
of cycling activities [Source: Research Findings, 2020] 
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From the spatial coverage illustrated above, facilitating the integration of cycling and urban public 
modes can enlarge the catchment area for transit (Risimati and Gumbo, 2019). The predominant 
approach for integrating cycling and transit modes is to link cycling with transit vehicles. Rea 
Vaya, with the City of Joburg is committed to building cycle lanes, safe bike storage at bus stations, 
even cycle maintenance centres for commuters. Teaming up with the City, Rea Vaya, will ensure 
each station has safe storage facilities and also bike service stations for bike repairs. According to 
the City, “investing in the public realm in the immediate vicinity of such facilities such as upgraded 
lighting, CCTV, public conveniences can also support cyclists. The broader movement patterns to 
and from the Rea Vaya, Metrobus, Metrorail and Gautrain station and major taxi ranks are being 
identified and the relevant paths and streets upgraded with pavements, signage, and lighting. This 
is already underway in respect of Rea Vaya in Soweto.”  
Creating a network of pedestrian and cycle routes is meant to protect people from cars and other 
traffic, which is essential to grow the popularity of cycling in the city. According to the 
interviewees, “in addition to aiming for streets to be complete there will be a focus on creating 
continuous routes and networks through the cycling and pedestrian infrastructure that is created in 
the complete streets programme. The aim is to create a dedicated network of high quality-
pedestrian and cycling routes”. The City’s Framework for Non-Motorised Transport (2009) has 
mapped ten priority networks, using multiple criteria for designing the routes. The priority areas 
for this network indicated a potential, more extensive network based on modelling short trips 
(under 8 km) that are made in the peak periods for the present and also looking forward to 2040. 





Figure 26: Integrated Cycling activities and Station Concentration [Source: Research Findings, 2020] 
According to the integration analysis of Non-motorised transport trends and urban public 
transportation concentration; the majority of the hot spots from the integrated map are located at 
the CBD, Randburg, Sandton and parts of Soweto. Noticeably, these locations are also near 
economic opportunities in the city, hence they form key points of interest in the lives of commuters. 
An example is the Park station node, which is located in the centre of the CBD and acts as an entry 
point for most regional and local commuters. It also has close proximity to the Bree Taxi rank and 
MTN Taxi Rank being located only 10mins away; therefore, Park station has a high connectivity 
level. Using the results from the analysis, urban planners can begin to conduct a correlational 
analysis, of elements which influence commuter behaviour, such as utilising this Strava data in 
conjunction with the movement trends. This would lead to more insight to determine, which 
locations to upgrade infrastructure either the non-motorised or the urban public transportation.  
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For example, when the integration data is overlaid with the income data for the people living in 
Johannesburg, we are able to visualise their location, the type of mobility mode and which income 
group they belong to. This will lead to identification of commuter income groups and help design 
marketing campaigns targeted at these locations. Again, the introduction of bikeways and 
sidewalks for the auto-dominant streetscapes, complete with street furniture, landscaping, 
pedestrian-scaled lighting, and other features, makes roadways more inviting for people to travel 
by bicycle or on foot. The areas around the stations and stops covered by public transport systems 
should be expanded by 42% after the implementation bike lanes. Furthermore, bike sharing 
programmes have been observed as ways to address the first and last mile problem and to connect 
commuters to public transport networks. 
7.4.1. Johannesburg Park Station Intermodal Transport Node 
During the study, the results revealed that Johannesburg Park Station is the most integrated hub 
that is serviced by both non-motorised and urban public transport infrastructure. Public transport 
commuters at the station switch from one to another mode of transport smoothly at a short walking 
distance. Park Station enriches service integration and reduces the time and distance penalties of 
rail to rail, and rail to bus interchanges. It provides for an integrated and effective routing and 
circulation which reduces the number of transfers required. It ensures safety for higher levels of 
commuters. It promotes the use of public transport and non-motorised modes of transport and also 
encourages the integrated development of surrounding land uses. Each transport mode at Park 
Station supports the others by helping to redistribute commuters overlapped among them and 
caters to commuters’ requirements and demand.  The crowd-sourced datasets derived from Strava 
demonstrated Park Station as one of highest cycling activities spots ranged between 1,635 and 
5,774 cycling trips in the year 2019. People in areas surrounding transit stops that lack cycling 
facilities at the station tend to travel shorter to access transit. Figure 27 below presents spatial 
coverage of urban public transport modes and concentration of cycling activities in Johannesburg 




Figure 27: Spatial Coverage of Urban Public Transport Modes and concentration of cycling activities in 
Johannesburg Park Station [Source: Research Findings, 2020] 
According to Figure 27, most commuters at Park station can easily access public transport 
infrastructure either by walking or cycling. The station provides access to the Johannesburg inner 
city and well-established high-density precincts that have undergone significant regeneration in 
recent years. The Park station is characterised by a mixture of high intensity land uses. These range 
from clustering of mostly commercial land use to the south of the station to a concentration of 
educational and government institutions, commercial, parking and other mixed land uses to the 
north. Due to the high intensity of land uses in the area as well as the high volumes of people 
working or visiting government, educational or commercial facilities, public parking is a necessary 
requirement. Park Station is a prominent transport terminal in Johannesburg, Gauteng province 
and Southern Africa. Therefore, Metro rail stations and platforms, and taxi ranks are located within 
close proximity to the Park Station precinct. The Gautrain, bus routes as well as the Rea Vaya 
routes should also be noted as essential feeders and distributor routes in the area. 
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In light of this, most jobs in the Johannesburg inner city and surrounding area are able to access 
urban public transport either by walking or cycling. Though the coverage percentage can be 
increased if using for cycling, more efforts are still required to promote non-motorised access to 
urban public transport. Like the population projection, there is a predicted decentralisation trend 
in employment by 2040. Following this trend, the total number of jobs covered by transit is 
expected to be decreased for walking and cycling access modes respectively. Thus, improving the 
cycling and pedestrian environment is a desirable method for enhancing the non-motorised transit 
access and prompting transit ridership. The non-motorized infrastructure plays an important role 
in encouraging pedestrian and bicycle trips, and investments in non-motorized travel environment 
would improve non-motorized accessibility and increase transit ridership. 
7.5. CHAPTER CONCLUSION  
This chapter explored spatial integration non-motorised transport urban public transport 
infrastructures within the City of Johannesburg. The crowd-sourced datasets derived from the 
Strava geolocation based mobile application were useful in this Chapter. The results demonstrated 
that the public transport interchange hub of the City of Johannesburg, the Park Station is the most 
integrated hub that is serviced by both non-motorised transport and urban public transport systems. 
Public transport commuters at the station can switch from one to another mode of public transport 
smoothly at a short walking distance. The results though further reveal that most of commuting, 
walking and cycling infrastructures are not integrated. This affects commuters’ ability to 
conveniently switch from either non-motorised transport to urban public transport systems. Thus, 
improving the cycling and pedestrian environment is a desirable method for enhancing the non-
motorised transit access and prompt transit ridership.  In addition, transit-oriented development 
has been chosen as a strategy that attracts more people and employment situated within walking 






HOLISTIC MOBILITY TRANSPORT PLANNING AND DESIGNS 
FRAMEWORK 
8.1.  INTRODUCTION  
All over the world, many cities are facing increasing levels of traffic congestion, road safety issues 
as well as carbon and air emissions. In particular, the better integration of transport and urban 
planning is seen as a key to mitigate these effects and create more safe cities. To promote integrated 
urban mobility planning for Johannesburg, stakeholders’ integration of policy intervention, 
collaboration by public transport services for multimodal public transport infrastructure and 
creation of non-motorised transport should always be the principles of urban public transport 
infrastructure investments. Implementation of innovative urban public transport systems with a 
strong focus on integration will enable cities to become centres for innovation, where trade, 
commerce, tourism, services and education will be improved. Fostering such investment returns 
and positive spin offs through socio-economic benefits will lead to economic growth. This will be 
achieved through easy access to improved business and economic opportunities, affordable 
transport options and a fully functional, integrated urban public transport infrastructure. Such 
infrastructure should help reduce travel time and costs thereby improving productivity in 
workplaces. It will eliminate the element of discouraged unemployed residents resulting from high 
travel costs for low-income groups (mostly from isolated townships) who end up spending more 
than 59% of their salaries on transport.  
8.2.HOLISTIC MOBILITY TRANSPORT PLANNING AND DESIGNS FRAMEWORK 
An integrated transport network with well-positioned interchange points plays a vibrant role in 
maintaining quality of life, decreases the number of vehicles on roads to reduce road crashes, 
supports carbon reduction goals, and enhances the attractiveness of the city. Thus, the transport 
network should be maintained effectively and enhanced through holistic mobility planning and 
design. A suitable framework for such should combine long-term policy supported by meaningful 
land use planning attached to investment decisions, all modes of transport, and the environment. 
It should consist of four components, namely: outcomes which determine the desired transport 
system; principles to guide the development of transport system options; a process which provides 
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a systematic and consistent approach to transport planning; and Community and institutional 
stakeholders’ participation in all processes planning and implementation.  
The Participatory transport Planning process forms the core of multi-disciplinary strategy 
development by interdependent institutions. Such planning was identified because transport and 
mobility strongly influence an individual’s everyday life. As such, the participation of individuals, 
especially the residents of a city and commuters, is key because they have a lot of experience of 
using transport.   This means they are the ones that provide experience-based knowledge and can 
thus propose effective solutions (Nostikasri, 2015). Their participation is also important because 
all changes in the path to more sustainable mobility demand behavioural change (Nared, 2019), 
which is a lengthy process and can only be carried out in cooperation with the residents. Dehghan 
and Shakeri (2008) states that that communicative platforms created for deliberation and 
engagement amongst stakeholders are instrumental in ensuring that all contribute to a collective 
strategy. Therefore, the Participatory transport Planning Process must be robust, and have well 
facilitated, trained planners to ensure that the final outcomes yield positive socio-economic 


































8.3.  DEFINITIVE FEATURES FOR A HOLISTIC PLANNING AND DESIGNS 
APPROACH IN MOBILITY TRANSPORT PLANNING  
The study advocates a Holistic Mobility Transport Planning and Designs approach for transport 
systems anchored through a Participatory Planning processes. This originates from the 
interdependent nature of the policy mediations, spatial connectivity, cycling and commuter 
movement patterns. The outcome of this approach is for the City’s transport infrastructure to be 
well-built and managed so that it supports the mobility needs of all its users in a safe manner, the 
value of the assets is preserved, and pedestrians, cyclists and public transport users are prioritised.     
8.3.1. Status quo Analysis  
The cross cutting reflected through the summary of results affirms the need for understanding pre-
existing conditions prior to development planning and implementation. A clear understanding of 
local knowledge will provide a concrete base for all stakeholders to identify areas of prioritisation. 
Analysis of the status quo in mobility planning and design provides the key issues, trends and 
conditions for existing transport system in the City. Thus, it provides the basis for developing a 
mobility transport problem statement that will inform the City’s policy response and strategies 
around transportation. Strategic interviews with major stakeholders also assist with the 
identification of key-issues and existing gaps surrounding mobility systems within the City.  
8.3.2. Stakeholders Partnership     
According to the study findings, there is currently no collaboration between Gautrain, Rea Vaya, 
Metrorail and Metrobus, as these are developed and serviced separately. This introduces a 
knowledge gap of how to interface commuters with areas of economic activities. The policy and 
legislative framework in Johannesburg relate to the need for stakeholder’s collaboration for 
innovative public transport systems. Thus, strong partnerships across governments, industry and 
the community are essential in integrated transport planning. This will allow planners to draw on 
a wide range of views, expertise and experience to ensure the needs, priorities and values of 
stakeholders are met. In addition, stakeholder involvement is the supply of public transport 
services, for example what level of relationships are needed between a transport company and its 
various stakeholders is necessary in order to meet the main stakeholders-commuter needs.  
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A Public Transport Corporation (PTC) should be created, where all public and private-public 
transport service providers collectively manage operations of a multi-modal transport network. 
This will enable centralisation of operations and creation of integrated billing systems, with 
different stakeholders owning modes of public transport they originally operated prior to modal 
integration. The state must take the lead in creating an enabling environment through legislative 
frameworks to allow for public-private partnerships. Policy formulation roles should be separated 
from operation matters to eliminate state bureaucracy. In addition, Government should also not 
seek to replace the taxi industry or compete with it. Instead, it must be incorporated into the public 
transport corporation as an important stakeholder in a multimodal integration. The state should 
refrain from autonomously imposing itself on the taxi industry by dictating terms through 
introduction of other modes of public transport in areas where taxis operate. Unlike government, 
the taxi industry has many cultural and organisational complexities. Thus, negotiation with all taxi 
owners will get full buy in and cooperation instead of limiting discussions to taxi associations 
leadership.  
8.3.3. Non-motorised transport and public transport infrastructure integration  
The principles of integration of urban public transport planning are categorised under ‘balance’, 
‘integration’ and ‘partnerships.’ Thus, integrated transport planning is about finding the right 
balance across a wide range of economic, environmental and social factors to achieve the best 
overall outcomes.  To consider the benefits, costs, risks and opportunities in a balanced way 
requires an understanding of how these factors influence each other. There are four key aspects to 
integration, namely: integrating the transport system; integrating transport and land use; 
integrating transport and other planning; and as well integrating across levels of planning and 
jurisdictions.  
Many urban dwellers in Johannesburg still live in suburbs and townships that are poorly connected 
to public transportation. Only in recent years has the expansion of public transport become an issue 
of greater importance. Safe cycling lanes and footpaths are still scarce. However, sustainable and 
inclusive mobility is a prerequisite for economic and social participation.  In this way, to promote 
smart mobility, there is a requirement for the development of a planning supportive network which 
directs the development and connectivity of current and future urban public transport modes.   
143 
 
8.3.4. Collective Strategy Formulation  
For a Holistic Planning and Design approach to innovative mobility, transport systems and socio-
economic transformation, policies and implementation plans must be formulated collectively and 
agreed upon by all interdependent stakeholders. Such development programs must ensure that 
urban mobility principles of accessibility, affordability, efficiency and reliability are attained 
through innovative urban mobility systems investments. An enabling environment for business 
growth should be created to ensure that policy interventions and investments are responsive to 
spatial connectivity and socio-economic transformation development challenges. 
8.3.5. Decision making  
The nature of decision making for public transport infrastructure and socio-economic 
transformation administered by various stakeholders is complex and interdependent. It is important 
therefore that an investment decision by one stakeholder complements a decision by another. 
Designing an investment framework aligned to a collective strategy will assist in determining who 
will be responsible for funding which aspect of the holistic development program. This will guide 
stakeholders towards a common goal while eliminating the possibility of creation of ‘white 
elephant’ developments, where public funds are spent on development programs that are not 
responsive to spatial and socio-economic disparities. Engaging focus groups in a complex 
decision-making process of urban mobility problems turned out to be a very effective method, 
which requires the connection of different experts and knowledge from different disciplines.  
8.4. CHAPTER CONCLUSION  
This chapter presented a Holistic Mobility Transport Planning and Designs approach for transport 
systems anchored through a Participatory Planning processes. The framework originates from the 
interdependent nature of the policy mediations, spatial connectivity, cycling and commuter 
movement patterns. The outcome of this approach is for the City’s transport infrastructure to be 
well-built and managed so that it supports the mobility needs of all its users in a safe manner, the 




SUMMARY OF RESEARCH FINDINGS, RECOMMENDATIONS AND 
CONCLUSION 
9.1.  INTRODUCTION  
This chapter is consistent with objective four (4), which is to develop and propose a holistic urban 
mobility transport planning and design framework that will enable for a multi-modality in travel 
opportunities and achieve smart mobility within the City of Johannesburg. Conversely, the chapter 
starts by presenting the summary of results. It further presents the study recommendations for 
promoting the provision of well-integrated and efficient urban mobility. These can help in 
reduction of energy consumption and carbon footprints and mitigate traffic congestion and 
accidents. Integrated urban mobility can improve quality of life, enhance social inclusion and also 
provide more environmentally friendly and healthier activity pattern (Lopez-Iglesias et al., 2018). 
This chapter also suggests possible future research and brings the study into conclusion.  
9.2.  SUMMARY OF RESULTS   
9.2.1. Spatial Vision and Envisioned Mobility Innovations in City of Johannesburg 
Transport Infrastructure 
The City of Johannesburg is the economic and logistics hub of the Republic of South Africa, with 
road and rail transport networks radiating outwards to other parts of the region, country and the 
world. Johannesburg today continues as the energetic, dominant metropolitan economy in the 
country; and contributes some 17% of national output (GDP). It is host “to two-thirds of all South 
Africa’s corporate headquarters and 60% of the top 100 companies” (CoJ SDF, 2016). However, 
Spatial inequality remains a defining characteristic of the settlement pattern of Johannesburg. The 
location and concentration of jobs does not match that of where people live. This job-housing 
mismatch significantly contributes to inequality in the city, as many residents’ access to economic 
opportunities is stifled by costly and distant commuting.  There are also two major spatial 
discontinuities in the city structure that are barriers to opportunity. In interpreting the current city 
structure morphology, Johannesburg displays a unique structure of inverted polycentricity, 
inherited largely form its complex history. This structure is characterised, inter-alia, by peripheral 
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or satellite nodes that are disproportionately large compared to and disconnected from the main 
urban centre (inner city). It is also characterised by illogical density gradient residential areas.  
The City is embarking on new spatial plans in line the Johannesburg Growth Development 
Strategy and Spatial Development framework, 2040 based on transport-oriented expansion with a 
high-level public transport network.  Built on population growth, areas of employment growth, 
and projected densities; the City has identified a number of key public transport corridors These 
consolidate growth and development opportunities around existing and future public transport 
nodes, starting from the Corridors of Freedom linking Soweto, through the Inner City, to Sandton 
and linking Turffontein into the Inner City. This will also include a focus on transit-oriented 
development nodes, including Gautrain, Rea Vaya (BRT) and Metrorail stations. The public 
transport corridors will function mainly as transit corridors, transporting large numbers of people 
from one part of the city to another. Other public transport corridors have the potential to grow 
into development corridors, with the opportunity to not only link mixed-use development nodes 
but to articulate public transit with housing, new employment activities and social amenities, while 
optimising investment capacities. Since the shape of the city will consist of well-planned transport 
arteries; the Corridors of Freedom will be linked to interchanges, where the focus will be on mixed-
use development. The result is that the public will not have to use private transport but can opt for 
alternative means including cycling, transit lanes and pedestrian walkways. 
9.2.2. Spatial Patterns and Routes Network Integration of Urban Public Transport 
Systems 
At present, the Johannesburg Metro Bus divides its city’s coverage into concentric zones (Gauteng 
Provincial Government, 2013) radiating out from the CBD. The Greater part of the Metrobus 
routes begin from the inner-city transport terminals in Zone one, with longer trips crossings various 
zones. Metrorail serves central Johannesburg, Roodepoort, Soweto and Orange Farm.  The 
Gautrain services from Johannesburg CBD towards upper areas of the city, such as Sandton, 
Rosebank, Midrand, Fourways and Randburg, while the Rea Vaya BRT does not have networks 
service in these areas. Nevertheless, Rea Vaya’s Phase 1A has a trunk course working between 
Ellis Park in Doornfontein and Thokoza Park in Soweto, connecting with various feeder routes in 
Soweto. The Rea Vaya Feeder buses run from Protea Glen to Thokoza Park and from Eldorado 
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park to Lake view. The Rea Vaya has demonstrated effectiveness in enhancing availability to 
economic open doors for spaces which were once segregated in city of Johannesburg. This can be 
seen from the route network spilling out from Soweto moving upwards towards the CBD of 
Johannesburg. The greater part of the Rea Vaya stations appears to be very conveniently situated 
as they are within the high commuter concentration zones.  
There is little to no collaboration between Gautrain, Rea Vaya, Metrorail and Metrobus since they 
are developed and service separately. Thus, the current Johannesburg public transport network is 
spatially disintegrated, and this introduces a knowledge gap of how to interface commuters to areas 
of economic activities. Again, because the different spheres of government have implemented their 
projects independently, spatial connectivity through multimodal public transport networks is still 
not effectively pursued. This has led to creation of modes of public transport which are 
operationally disintegrated. Even different types of innovative urban public transport systems 
(Gautrain and Rea Vaya) operate independently of other existing forms or modes. Thus, 
duplication exists of multiple modes of public transport in the same geographical area without 
making any difference is inevitable.  
It is evident from the study findings that without an integrated (multi-modal) urban public transport 
network, spatial integration will be hard to attain, regardless of how many technologically 
advanced modes of public transport are introduced. The appropriateness of a mode of public 
transport for the people and the purpose it serves was found to also be essential when devising 
strategies for modal integration. In this regard, the Gautrain was found to be costly to implement 
while also having high travel costs. It excludes the urban poor and previously disadvantaged 
communities, thus making its significance limited to connecting major economic nodes for 
business related trips. 
9.2.3. Spatial Integration of Non-Motorised Transport (NMT) and Urban Public 
Transport Infrastructure 
The City of Johannesburg Non-Motorised framework (NMT) was adopted in February 2009 and 
currently the Integrated Transport Plan (ITP), the Growth and development Strategy (GDS,2040) 
both promote commuter cycling as well as related investment in cycling infrastructure. The first 
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of these cycling routes began with the Orlando Pilot project, with a 5 km route. This starts at the 
Noordgesig Clinic, takes in the Orlando Stadium, Metrorail and Rea Vaya stations, and seven 
schools and later a 4 km lane between the University of Johannesburg and University of 
Witwatersrand.  Other plans included a 3.5 km dedicated lane between Alexandra and Sandton, 
and a 20 km lane linking the business districts of Rosebank, Melrose Arch and Sandton (City of 
Johannesburg, 2014). Bicycle infrastructure and pedestrian bridges are currently planned and 
implemented for Alexandra, Wynberg, Sandton, Linbro Park, Rosebank, Zandspruit, Cosmo City, 
Northgate, Kaya Sands, Diepsloot, Fourways, Ivory Park and Midrand. These cycling 
interventions occurred alongside substantial investment in the Rea Vaya as well as the Gautrain.  
Alongside these interventions, the City aims to make Johannesburg Africa’s first cycle-friendly 
megacity through a series of infrastructure investments based on an ambitious plan dubbed the 
Corridors of Freedom.  
The northern and northwest suburbs of Johannesburg such as Parkview, Hyde Park, Sandton, 
Randburg and Midrand comprise the highest number of cycling activities; with between 1675 and 
8320 cycling trips in a year in 2019. Hyde Park and its adjacent suburb in Sandton are the hot spots 
of cycling activities in the city. this pattern is also large in both recreational and commuting 
Cycling. Notably, the Kibler Park, South East of Johannesburg is also the hot spot for both 
recreational and commuting cycling activities. The township such as Lanseria and some parts of 
Soweto located in the south are cold spots with limited to no cycling activities. Most of commuting, 
cycling and walking operations are spatial disintegrated.  These is limited to no sharing of 
infrastructure between commuting, cycling and walking in the City.  Gautrain, Rea Vaya, 
Metrorail and Metrobus in Johannesburg are spatially disintegrated with the cycling activities. In 
most of the public transit stations, there are no adequate cycling and walking infrastructures, and 
public transport stations are not well accessible for non-motorised transport. This affects the 
effectiveness and commuters’ ability to conveniently switch from either non-motorised to urban 
public transport systems or urban public transport.   
Rea Vaya, with the City of Joburg is committed to building cycle lanes, safe bike storage at bus 
stations, even cycle maintenance centres. Teaming up with the City, Rea Vaya, will ensure each 
station has safe storage facilities and also bike service stations for bike repairs. The broader 
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movement patterns to and from the Rea Vaya, Metrobus, Metrorail and Gautrain station and major 
taxi ranks are being identified and the relevant paths and streets upgraded with pavements, signage, 
and lighting. This is already underway in respect of Rea Vaya in Soweto. The public transport 
interchange hub of the City, the Johannesburg Park Station is the most integrated that is serviced 
by both non-motorised and urban public transport systems. The public transport commuters at the 
station switch smoothly from one mode to another mode of transport at a short walking distance.  
9.3.RECOMMENDATIONS 
Integrated public transport planning improves a city’s connectivity, providing a better mobility 
service, shorter journeys for the commuters, and also brings people and places closer together. As 
part of this, the City of Johannesburg should consider integrating infrastructures and operations of 
urban public transport systems and create easy connections with non-motorised transport (such as 
walking and cycling).  Well integrated public transport modes will increase their usage by 
commuters; as commuters get more value for money, they will consider public transport as a more 
conveniently mobility option. One of the main benefits is that integrated transport systems foster 
social equality, providing access to services, jobs, education and entertainment and access to the 
whole city. Peoples’ use of more sustainable modes of transport can reduce congestion, emissions, 
travel times and, if managed properly, even road accidents.  
9.3.1. Espousal of Spatial Patterns and Envisioned Mobility Innovations 
The vision envisaged by the Spatial Development Framework (2040) for the City of Johannesburg 
is a compact polycentric city with a dense urban core linked by efficient public transport networks 
to dense, mixed use, complimentary sub-centres, situated within a protected and integrated natural 
environment. The vision is based on a modelling exercise testing three development scenarios, 
each hypothesising the growth of Johannesburg from 4.3 million to 7 million people by 2040. The 
first model describes a ‘business-as usual’ scenario with dispersed, sprawled growth. The second 
describes a ‘linear development’ scenario, where future developments occur along an expansive 
transport network (corridor development) linking all marginalised areas of the city, through vast 
development corridors to the inner city. The third scenario is a compact polycentric model which 
concentrates growth in a compact urban core and around priority transformation areas and key 
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urban and transit-oriented nodes. The compact polycentric city model performed significantly 
better than the other two in terms of economic, environmental and social indicators.  
This study embraces these new spatial plans, more particularly the Corridor of Freedom. Since the 
shape of the city will consist of well-planned transport arteries; the Corridors of Freedom will be 
linked to interchanges, where the focus will be on mixed-use development. Corridors of Freedom 
and development corridors are significant both as mobility spines from a high-level perspective 
within the Gauteng City Region, as well as public transport and pedestrian spines, supported by 
existing active street edges and land-uses. They have the potential to transform entrenched 
settlement patterns that have kept many marginalised communities at the outskirts of the city, away 
from economic opportunities and access to jobs and growth. They guide future city growth towards 
areas best serviced by transit infrastructure and the full range of vibrant urban amenities and 
services. Therefore, the Johannesburg public will not have to use private transport but can opt for 
alternative means including cycling, transit lanes and pedestrian walkways. The Corridors of 
Freedom will transform entrenched settlement patterns which have shunted the majority of 
residents to the city’s outskirts, away from economic opportunities and access to jobs and growth. 
Gone will be the days of being forced to rise at dawn to catch a train, bus or taxi to a place of work. 
Families will be able to have quality time, with spouses and children, sharing meals together in the 
evening. 
9.3.2. Contempt of modal integration for spatial connectivity 
Because the different spheres of government have implemented their projects independently, 
spatial connectivity through multimodal urban public transport networks is still not effectively 
pursued. This has led to creation of modes of public transport which are operationally 
disintegrated. Even different types of innovative urban public transport systems (Gautrain and Rea 
Vaya) operate independently of other existing forms or modes of urban transport. Thus, duplication 
of multiple modes of public transport in the same geographical area without making any difference 
is inevitable. It should be acknowledged that mini-bus taxis transport most commuters from 
previously disadvantaged communities and therefore should form an integral part of the public 
transport modal integration. The mini-bus taxi industry is still completely disregarded in the 
current transport innovation, despite them being responsible for transporting sizeable numbers of 
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commuters from disadvantaged communities. The previous recapitalisation programme did not do 
justice to the transformation of the mini-bus taxi industry. Instead, public funds were spent without 
even redressing the alarming safety concerns. This was also done without regard for modal 
integration. This continues to be case even with implementation of innovative urban public 
transport systems consistent with the IRPTN national government strategy.  
It is evident from the study findings that without an integrated (multi-modal) urban public transport 
network, spatial integration will be hard to attain, regardless of how many technologically 
advanced modes of public transport are introduced. The appropriateness of a mode of public 
transport for the people and the purpose it serves was found to also be essential when devising 
strategies for modal integration. In this regard, the Gautrain was found to be costly to implement, 
while also having high travel costs. It excludes the urban poor and previously disadvantaged 
communities, thus making its significance limited to connecting major economic nodes for 
business related trips. Thus, the need to integrate all (innovative and traditional) modes of public 
transport is encouraged as the backbone of effective functioning of economic communities. When 
integrating varied modes of public transport, it is important to define the purpose of each type of 
public transport in the overall public transport network to ensure improve urban mobility.  For 
example, the Gautrain may be designated to connect major economic nodes, while other modes 
transport commuters between residential and economic or other urban opportunities. A multimodal 
public transport network will enhance spatial connectivity, densification, reduce travel ties and 
costs and thus enhance efficiency of public transport systems. Through modal integration, 
infrastructure investments will be utilised more effectively to enable comprehensive public 
transport throughout municipal areas instead of unnecessarily duplicating services. 
9.3.3. Endorsing Transit Ridership Through Enhancing Non-Motorised Transport Access  
Most Non-Motorised Transport and urban Public Transport infrastructures in the City of 
Johannesburg are not integrated; and that affects the effectiveness and convenience for switching 
from either urban public transport to Non-Motorised Transport or Non-Motorised Transport to 
Urban Public Transport. As such, improving the cycling and pedestrian environment is a desirable 
method for enhancing the Non-Motorised Transport access and promoting transit ridership.  The 
introduction of bike ways and sidewalks to the auto-dependent streetscapes, complete with street 
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furniture, landscaping, pedestrian-scaled lighting, and other features, makes roadways more 
inviting for people to travel by bicycle or on foot. There areas around the stations and stops covered 
by public transport systems should be expanded by 42% after the implementation of cycling lanes. 
Furthermore, Bike sharing programmes have been observed as ways to address the first and last 
mile problem and to connect commuters to public transport infrastructure.  In addition, Transit-
oriented development has been chosen as a strategy that attracts more people and creates 
employment for those situated within walking or cycling distance and promotes public transport 
ridership and mobility. 
9.3.4. Improving bicycle and pedestrian environments 
Improving the cycling and pedestrian environment is desirable for enhancing non-motorised transit 
access and promoting transit ridership. The introduction of bikeways and sidewalks to auto-
dominant streetscapes, complete with street furniture, landscaping, pedestrian-scaled lighting, and 
other features, makes roadways more inviting for people to travel by bicycle or on foot. The areas 
around the stations and stops covered by public transport systems should by 60% after the 
implementation bike lanes. Places further from the public transport stations or stops can reach the 
services if a safer and more comfortable cycling environment is available. In addition, the cycling 
and walking infrastructure is much less expensive to build and maintain that highways and parking 
garages.  
9.3.5. Promoting cycling-based transit-oriented development  
Studies have demonstrated that land use significantly impacts traffic mobility, and an effective 
approach to reduce vehicles travel is through land use planning (Risimati & Gumbo, 2019; Moyo 
& Musakwa, 2020; Wei et al., 2017). Transit-Oriented Development (TOD) is a strategy that 
attracts more people and employment to situate within walking or cycling distance to transit to 
promote public transport ridership and mobility. TOD efficiently involves the number of 
population and employment opportunities within public transport catchment areas. A common 
consideration is that the larger the catchment area is and the denser the population and employment 
opportunities are; the higher the transit travel potential is (Andersen & Landex, 2008). The more 
people residing in, and being employed around public transport stations, the greater the probability 
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that the service will be used. Using cycling-transit catchment areas in Johannesburg such as TOD 
zoning units allows more population, especially families with no cars, to access a wider variety of 
services and opportunities by transit. In land use and transport planning, connecting employment, 
institutes, and services with communities through safe and direct public transport would increase 
the safety and numbers of cycling-transit trips in the city.  
In cycling-based TOD development, the availability of secure and convenient parking near stops 
is critical for better integration and will be beneficial to promoting cycling-transit trips (Pucher & 
Buehler, 2009; (Bachand-Marleau et al., 2011). Priority siting of parking amenities near the public 
transport loading zone allows transit operators to be free from carrying cycles up or down stairs or 
through large crowds of public transit commuters, and this is especially helpful to children, 
females, and elders.  Depending on demand, facilities, including lockers, cycle cages and storage 
rooms for long-term parking and bicycle racks for short-term parking should be provided. Bicycle 
paths could be off-limits to some people who have children; providing a child’s seat on bikes may 
be a possible solution to expand the use of bicycles and enhance cycling-transit integration.  Child 
friendly bike sharing such as providing tiny bikes and helmets for toddlers would allow them to 
ride with families and encourage them to cycle. By introducing the very young generation to green 
transportation, it is beneficial to preparing for the future of a more sustainable society.  
9.4. SUGGESTIONS FOR FUTURE RESEARCH 
Results support public transport as a sustainable means for reducing congestion, saving the use of 
public space, alleviating environmental issues caused by automobiles and providing affordable 
transportation, especially for low-income groups. Determining urban public transportation service 
coverage or catchment area is essential in predicting potential public transport ridership and 
assessing impacts of investments in transit planning. Because most of the public transport 
commuters are pedestrians or cyclists at the beginning or end of their trips, a public transport 
catchment area is conventionally determined by determining the willingness distance or distance 
threshold to walk. Thus, based on the discussion above, three research questions are raised:  
• What is the distance threshold that people are willing to walk and bike to access the public 
transport system?  
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• How would facilities affect non-motorised accessibility to public transport and the 
geographical scope of public transport catchment areas?  
• To what extent can public transport service areas be expanded if bicycle is used as the 
access mode to transit compared with walking?  
To answer these questions, it is suggested that future research should aim to examine analytical 
features, including travel distance and durations of walking and cycling trips to access urban public 
transport service in the City Johannesburg.  The urban public transport service coverage should be 
measured by the number of households and employment within transit catchment areas. Spatial 
boundaries of pedestrian-transit and bicycle-transit catchment areas should be determined based 
on identified distance thresholds and non-motorized accessibility to transit. The connectivity and 
quality of non-motorized network should be adopted through calculation of non-motorized 
accessibility to transit. With these methods, the raised questions can be addressed. 
9.5.  CONCLUSION  
The context of urban public transport and transit-oriented development planning is continuously 
adapting to accommodate a variety of challenges which can be seen in the worldwide shift towards 
the conception of smart city planning. The move is towards encouraging societies to use public 
transport and multi-mobility in their daily commute, to reduce the negative impacts of automobile 
dependence in the urban spaces. Thus, infrastructure integration is a significant and widely 
considered research focus on smart city planning. Through aiming to improve the integration, 
efficiency, reliability and accessibility of the Johannesburg mobility infrastructure, this study 
explored the extent of its spatial integration of public transport infrastructure. The findings of the 
study demonstrate that there are areas where the urban public transport networks are integrated; 
but great sections are disconnected. At present, there is no clear partnership between the Gautrain, 
Rea Vaya, Metrorail and Metrobus as they are developed and service separately. The findings 
further reveal that the Johannesburg Public transport system is spatial disintegrated, and there 




In addition, the study results demonstrate that the Johannesburg Park Station is most integrated 
hub that is serviced by both non-motorised transport and urban public transport; and public 
transport commuters at the Park Station switch from one mode to another mode of public transport 
smoothly at a short walking distance.  Although, it was revealed by the results that most of 
motorised and non-motorised infrastructure are not integrated; thus, affects the effectiveness and 
conveniently switch from either urban public transport to non-motorised transport or non-
motorised transport to urban public transport. As such, improving the cycling and pedestrian 
environment is a desirable method for enhancing the non-motorised transport access and 
promoting transit ridership. The introduction of bike ways and sidewalks to the auto-dependent or 
auto-dominant streetscapes, complete with street furniture, landscaping, pedestrian-scaled 
lighting, and other features, makes roadways more inviting for people to travel by bicycle or on 
foot. There areas around the stations and stops covered by public transport systems should be 
expanded by 60% after the implementation of cycling lanes. Furthermore, Bike sharing 
programmes have been observed as ways to address the first and last mile problem and to connect 
commuters to public transport infrastructure.  In addition, transit-oriented development has been 
chosen as a strategy that attracts people and employment who are situated within walking or 
cycling distance.  
Therefore, the study recommends that conscious efforts should be made in planning, integrating 
and developing both non-motorised and urban public transport networks to promote efficiency of 
public transport. The spatial integration of mobility modes will lead to better-quality service 
delivery, inter-connectivity of places of economic activity and advance quality of life. Perhaps, for 
the City of Johannesburg to promote smart mobility, there is a need for the development of 
planning support frameworks which will guide the integration and growth of the current and future 
public transport. Thus, sustainable urban mobility describes city transport networks which use 
active travel modes, shared cycling, or energy efficient renewable forms of energy with low carbon 
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KEY INFORMANT INTERVIEW QUESTIONNAIRE  
 
 
INTERVIEW SCHEDULE: MASTER’S STUDIES   
SPATIAL INTEGRATION OF URBAN PUBLIC TRANSPORT SYSTEMS 
IN THE CITY OF JOHANNESBURG  
Dear Participant,   
My name is Brightnes Risimati, a registered Master’s student with the Department of 
Urban and Regional Planning, University of Johannesburg. My Master’s degree aims to 
unveil the extent of spatial integration of transport infrastructure and develop a holistic 
urban transport planning and designs framework in the City of Johannesburg. Thus, I 
hereby request your assistance in participating to the key informant interview 
questionnaires of this study. These questionnaires have been designed to capture the 
required information for this study. The Information collected is only for academic 
purposes. Besides serving to fulfil master’s requirements, the information gathered will be 
used in formulating future strategies for planning and management of well-spatial 
integrated transport systems in South African cities. All the information you provide in 
this key interview questionnaire will be treated as STRICTLY CONFIDENTIAL, will 
only be used for academic purposes and no mention will be made of executive directors, 
managers or providers of information.    
For more information  please  do not  hesitate to contact my supervisors: Prof Trynos 
Gumbo (011 559 6062 | tgumbo@uj.ac.za) or Dr. James Chakwizira (015 962 8585 | 
James.Chakwizira@univen.ac.za).      
Your assistance in this regard will be highly appreciated!  
Participant Name: _______________________________________________________   
Institution/Agency: ______________________________________________________  
Position held: __________________________________________________________  
Date: _________________________________________________________________  
Interviewer: Risimati Brightnes (Student at the University of Johannesburg)  
 
University of Johannesburg  
Faculty of Engineering and the Built Environment   
Department of Urban and Regional Planning    
 







2. In your professional opinion, are the policy and legislative instruments in place 
effective enough to facilitate the provision and management of well-integrated, 






3. What are the initiatives and ingenuities in place to ensure that Gauteng province and 
City of Johannesburg transport policy, strategies and legislative frameworks 
governing public transport infrastructure are adequate to inform the development and 






4. Do urban public transport services contribute to integration of residential and 
economic opportunities in Johannesburg?  
a) Gautrain (Yes or No): __________________________  
b) Rea Vaya (Yes or No): _________________________  
c) Metropolitan (Yes or No): ______________________  
d) Metrorail (Yes or No): _________________________  
 
5. Given your response in the above question 3, what is your professional opinion on the 
local economic transformation and improved accessibility to economic opportunities 














7. Does the state of transport infrastructure integration of have an impact on the level of 






8. How is the state Non-Motorised Transport infrastructure in terms quality pedestrian 






9. Does Non-Motoirsed Transport infrastructure extend across the City connecting work, 






10. In your professional opinion, is there any possibility of developing a comprehensive 
integrated public transport framework that can be used to integrate the existing urban 






11. In general, any possible improvements you would like to see in terms of transport 




















SAMPLE OF COLLECTED CROWD SOURCED DATA FROM 
STRAVA 
 
Polygon_Id Year Day Hour Minute Commute Dest_Polygon_Id 
16 2019 348 5 58 0 16 
48 2019 236 7 17 0 48 
48 2019 313 6 18 0 48 
48 2019 358 12 49 0 48 
48 2019 360 10 21 0 48 
1 2019 68 11 10 0 1 
48 2019 25 5 55 0 48 
1 2019 68 11 10 0 1 
1 2019 68 11 11 0 1 
48 2019 31 6 11 0 48 
1 2019 105 21 8 0 1 
1 2019 138 11 54 0 1 
37 2019 39 17 32 0 37 
122 2019 32 5 44 0 122 
37 2019 36 4 48 0 37 
122 2019 32 6 36 0 122 
37 2019 35 4 49 0 37 
122 2019 32 13 48 0 122 
37 2019 33 15 35 0 37 
37 2019 40 16 24 0 37 
1 2019 198 19 29 0 1 
122 2019 35 16 53 0 122 
37 2019 44 4 46 0 37 
37 2019 43 4 43 0 37 
37 2019 42 4 41 0 37 
1 2019 248 10 53 0 1 
50 2019 35 16 43 0 50 
50 2019 36 16 58 0 50 
17 2019 32 6 38 0 17 
74 2019 72 4 21 0 74 
122 2019 35 16 36 0 122 
50 2019 37 5 46 0 50 
37 2019 51 4 48 0 37 
122 2019 35 17 48 0 122 
17 2019 32 6 23 0 17 
50 2019 39 5 51 0 50 
50 2019 41 18 37 0 50 
50 2019 44 18 18 0 50 
74 2019 91 12 15 0 74 
74 2019 118 7 3 0 74 
74 2019 128 11 33 0 74 
74 2019 137 8 47 0 74 
74 2019 138 12 52 0 74 
74 2019 169 15 28 0 3 
74 2019 199 18 1 0 74 
74 2019 204 17 56 0 75 
74 2019 204 18 36 0 75 
74 2019 210 20 3 0 74 
74 2019 210 18 5 0 75 
74 2019 211 18 42 0 74 
74 2019 214 16 2 0 74 
37 2019 53 6 59 0 37 
37 2019 50 4 48 0 37 
37 2019 49 4 51 0 37 
37 2019 58 4 45 0 37 
37 2019 57 4 44 0 37 
37 2019 60 5 31 0 37 
37 2019 60 5 30 0 37 
37 2019 75 5 36 0 37 
37 2019 75 5 41 0 37 
37 2019 78 4 48 0 37 
37 2019 77 4 48 0 37 
37 2019 74 5 33 0 37 
37 2019 80 5 29 0 37 
37 2019 81 5 35 0 37 
37 2019 82 5 31 0 37 
37 2019 79 4 44 0 37 
37 2019 88 5 27 0 37 
37 2019 96 5 44 0 37 
37 2019 96 5 44 0 37 
37 2019 96 6 12 0 37 
37 2019 95 5 55 0 37 
37 2019 93 4 48 0 37 
37 2019 92 4 43 0 37 
37 2019 91 4 43 0 37 
37 2019 102 9 48 0 37 
37 2019 108 7 28 0 37 
37 2019 108 5 50 0 37 
37 2019 107 4 44 0 37 
37 2019 106 4 48 0 37 
37 2019 105 4 50 0 37 
37 2019 109 7 38 0 37 
37 2019 110 5 53 0 37 
37 2019 111 5 51 0 37 
37 2019 116 6 0 0 37 
37 2019 114 4 49 0 37 
37 2019 112 4 51 0 37 
37 2019 121 6 1 0 37 
37 2019 124 14 57 0 37 
37 2019 120 4 44 0 37 
37 2019 119 4 48 0 37 
37 2019 130 6 3 0 37 
37 2019 128 4 43 0 37 
37 2019 126 4 50 0 37 
37 2019 138 6 0 0 37 
37 2019 144 6 5 0 37 
37 2019 144 6 4 0 37 
37 2019 151 5 54 0 37 
37 2019 151 5 54 0 37 
37 2019 149 4 47 0 37 
37 2019 148 4 48 0 37 
37 2019 147 4 48 0 37 
37 2019 152 5 57 0 37 
37 2019 152 5 57 0 37 
37 2019 156 4 48 0 37 
37 2019 155 4 46 0 37 
37 2019 154 4 49 0 37 
37 2019 163 4 47 0 37 
37 2019 162 4 45 0 37 
37 2019 161 4 49 0 37 
37 2019 167 4 18 0 37 
37 2019 189 4 50 0 37 
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